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Chapter 1 
Genera! introduction 
Genera! Introduction 
Cervical disc degeneration is frequently associated with arm and/or neck pain. Compression of 
the nerve root might cause signs and symptoms of radiculopathy: arm pain radiating from the 
neck, tingling, numbness, and muscle weakness'. 
Cervical radiculopathy due to cervical disc degeneration is frequently encountered in daily 
practice with an average incidence of 83 per 100,000. The age-specific annual incidence rate per 
100,000 reached a peak among those aged 50-542. 
In most instances conservative treatment is the first option with satisfactory resuJtsl. When 
conservative treatment fails, surgical treatment can be considered. Since the description by 
Cloward4, Smith and Robinson5, Hirsch6, and Dereymaeker and Mulier7, the anterior approach 
became the favored approach to surgicallytreating cervical degenerative disk disease. 
The anterior approach is known as anterior cervical discectomy (ACD), and the major goal is 
decompression of the nerve root by removing the disc, disc fragments, and osteophytes. It can 
be performed without any additional measures such as those reported by Hirsch or with fusion. 
The ACD with fusion (ACDF) with autograft as described by Cloward, Smith and Robinson, and 
Dereymaeker and Mulier became the gold standard8• However, ACD is still considered a good 
alternative for single-level cervical degenerative disease9. 
Currently several alternatives are available for autograft from the iliac crest. A stand-alone cage 
has been proven to be a reasonable option8, and has been adopted by many spine surgeons. 
In the last decade of the previous century, attention was paid to the possible disadvantages 
of fusion. It was thought to contribute to accelerated degeneration of the disc of the adjacent 
segment: adjacent segment disease (ASD). The paper by Hillibrand'0 , in which he calculated an 
annual rate for the development of ASD of 2.9%, is aften cited. 
Although his calculation is debatable", this report was used to justify the development and 
clinical implementation of a new implant, the disc prosthesis or arthroplasty (ACDA) in the late 
1990s. In 2002 Goffi.n et al presented the preliminary results of the Bryan disc prosthesis". 
At that time confusion existed about the best surgical treatment for single-level degenerative 
disc disease by an anterior approach: ACD, ACDF or ACDA. This was the reason to design a ran-
domized controlled trial (RCT) comparing ACD, ACDF with stand-alone cage, and ACDA (Bryan 
prosthesis)'l. The first patient for this trial was included in October 2003. 
Several RCTs comparing ACDF with plate and ACDA were started at that time. In 2010 we pub-
lished the first meta-analysis of the studies that had presented their results'4. Since we found no 
difference we could not justify continuation of our trial especially since the costs of the implant 
significantly exceeded those of a cage. Therefore, the RCT was concluded prematurely. However, 
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we felt an obligation towards our patients to evaluate the results. These results contributed to 
this thesis. 
In the second chapter (Chapter 2) attention is paid to the importance of reporting minimal clin-
ically important differences while reporting the results of meta-analyses. Recent meta-analyses 
comparing ACDF and arthroplasty were used as an example. 
The definition of a good result after an ACD procedure is important for the patient but also for 
the physician. Ideallythis is based on a patient-reported outcome measurement (PROM). In 
Chapter 3 NDI is used to define a good outcome. 
The clinical results of our RCT are described in Chapter 4. Since we were also interested in which 
factors were correlated with a good outcome, we performed separate analyses. These are pre-
sented in Chapter 5. 
ASD is still a matter of subject of de bate. Due to the long follow-up and the high response rate of 
more than 98% we investigated the occurrence of ASD that is clinically relevant. We could calcu-
late an annual rate for clinically relevant ASD. These results are presented in Chapter 6. 
The influence of surgery on the sagittal angle of the level of interest but also the angle from C2 
to C7 as a measure of global sagittal alignment is currently subject of de bate. In order to develop 
a reliable method to assess the sagittal alignment of the cervical spine, we reviewed our cervical 
radiographs that were obtained according to the protocol of the RCT. This method is described 
in Chapter 7. The actual angles were measured and the sagittal alignment of the cervical spine 
assessed by two investigators. These results are described in Chapter 8. In the last chapter 
(Chapter 9 ) the results are summarized and some considerations made. 
1 ,1 d tl 
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Abstract 
Background Context 
The results of meta-analyses are frequently reported, but understanding and interpreting them 
is difficult for both clinicians and patients. Statistical significances are presented without refer-
ring to values that imply clinical relevance. 
Purpose 
This study aimed to use the minimal clinically important difference (MCID) to rate the clinical 
relevance of a meta-analysis. 
Study design 
This study is a review of the literature. 
Patient sample 
This study is a review of meta-analyses relating toa specific topic, clinical results of cervical 
arthroplasty. 
Outcome measure 
The outcome measure used in the study was the MCID. 
Methods 
We performed an extensive literature search of a series of meta-analyses evaluating a similar 
subject as an example. We searched in PubMed and Embase through August g, 2016 and found 
articles concerning meta-analyses of the clinical outcome of cervical arthroplasty compared to 
that of anterior cervical discectomy with fusion in cases of cervical degenerative disease. We 
evaluated the analyses for statistical significance and their relation to MCID. MCID was defmed 
based on results in similar patient groups and a sirnilar disease entity reported in the literature. 
Results 
We identified 21 meta-analyses, only one of which referred to MCID. However, the researchers 
used an inappropriate rneasurernent scale and, therefore, an incorrect MCID. The majority of the 
conclusions were based on statistical results without mentioning clinical relevance. 
Conclusions 
The rnajority of the articles we reviewed drew conclusions based on statistical differences 
instead of clinical relevance. We recommend introducing the concept of MCID while reporting 
the results of a meta-analysis, as well as mentioning the explicit scale of the analyzed measure-
rnent. 
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List of abbreviations 
ACDF anterior cervical discectomy with fusion 
MCID minimal clinically important difference 
MCS mental component summary 
NDI neck disability index 
NRS numeric rating scale 
OR odds ratio 
PCS physical component summary 
RR risk ratio 
SF 36 short form 36 
SMD standardized mean difference 
VAS visual analogue scale 
WMD weighted mean difference 
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Introduction 
Meta-analyses combine the outcomes of multiple but similar studies to derive a pooled estimate with 
a statistically stronger conclusion than each study could achieve separately. A well-known complica-
tion is that the clinical relevance of the problem is forgotten while searching for statistical significance, 
claiming an effect that is not beneficial for the patient and may also increase the casts of health care. 
The concept of minimal clinically important difference (MCID) is used to indicate whether a treatment 
might be beneficial to a patient. Although MCID is an attractive concept, pitfalls are manifold 1. MCID 
is influenced by the choice of measurement, trial design and study population. Although Katz, Paillard 
and Ekman do not advise applying MCID to a group ', it can be useful in determining whether a treat-
ment is meaningful fora patient ,-4_ Meta-analyses of randomized controlled trials (RCTs) investigate 
nearly similar study populations, equal measurements and trial designs. Therefore, a chosen MCID 
that has been constructed within a similar group of patients with the same disease as the subject of 
interest can contribute to estimating the subject of the analysis. 
It is very tempting to use MCID as a value to rate the clinical relevance of a meta-analysis, since a sound 
altemative is still lacking. Meta-analyses about cervical arthroplasty can serve as an example. In their 
daily practice, physicians frequently encounter cervical degenerative disc disease which causes radicu-
lar symptoms and signs. Although a conservative attitude is appropriate because patients will recover 
in most instances, surgery is sometimes warranted. Several surgical options exist: anterior and posteri-
or approaches are bath possible, though the anterior approach is most aften taken. The gold standard 
is anterior cervical discectomywith fusion (ACDF). Amore recent technique is arthroplasty using a 
cervical disc prosthesis to maintain mobility and to reduce the incidence of adjacent disc disease. 
Manyreports ofRCTs at different follow-up periods have been published. The main outcome is the clin-
ical effect, measured by several patient-reported outcome measurements. Meta-analyses have been 
published to analyze the pooled results. Every update of a RCT because of langer follow up is followed 
by a series of new meta-analyses. Although statistical significances are reported, the clinical relevance 
is emphasized less aften. 
The main goal of this study is to investigate whether the results of the meta-analyses comparing ar-
throplasty with ACDF were reported while addressing clinical relevance, and whether the conclusions 
were supported by the data. 
Methods 
Although this study is neither a systemic review nor a meta-analysis, we will follow the PRISMA 
statement 5 to provide a complete and clear report of the search strategy. 
The literature was searched using PubMed and Embase through August 9, 2016. The following 
search string was used: ((disc OR disk) AND cervical) AND (arthroplasty OR prosthesis) AND 
meta-analysis. Two investigators (RB and RD) then read the articles' titles and abstracts. Only 
those meta-analyses that address cervical arthroplasty because of one- or two-level degenerative 
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disease were included. They also needed to address clinical outcome measurements such as the 
Neck Disability Index (NDI), Visual Analogue Scale (VAS) arm, VAS neck, and the Physical Compo-
nent Summary (PCS) of the Short Form 36 (SF 36). Articles solely reporting radiological outcome 
and/or subsequent surgeries were excluded, as were those with hybrid solutions as a subject. If 
RB and RD disagreed, AV was consulted. Of interest for this study were the mean value, the 95% 
confidence interval (9 5% Cl) and the number of included patients. We only used the data from the 
latest follow up within a study. 
As a threshold for clinical relevance, we chose an MCID for NDI, VAS arm, VAS Neck, and SF 36 
PCS based on the literature. The search for the most appropriate MCID was conducted according 
to Katz et al.'s I suggestions. The NDI is expressed as an absolute number (scale: 0-50) or as a 
percentage, depending on the number of questions completed (scale: 0-100%}. The MCID is set 
at 10% or 20% 6• Because an MCID of 7.5% or 15% is also aften used, these were included in the 
comparison. 
The VAS is measured by drawing a mark on a 100-mm line. The distance from zero is the value, 
and can therefore vary from o to 100. The MCID for cervical radicular symptoms is twofold: for 
neck pain it is 4.1 and for arm pain 2.6 (scale: 0-10), with an odds ratio( OR) of41 and 26 respec-
tively (scale: 0-100) 1_ 
The numeric rating scale (NRS} is different from the VAS because the patient is asked to rate 
their own pain on a scale of o to 10. The MCID for the NRS for the neck is set at 4.6 (scale: 0-10) 
or 46 (scale: 0-100) 8. After an extensive search, we found no articles reporting the MCID for NRS 
arm. Therefore, we set the level at 2.0 from a pragmatic point of view 9, taking into account the 
similarity with VAS. 
The Short Form 36 is a 36-item questionnaire used to measure quality ofhealth. Two scores can 
be extracted: the men tal component summary relating to men tal health and the PCS reflecting 
physical well-being. The MCID for SF 36 PCS is set at 8.1 7• 
If a standardized mean difference was used, the standard deviation was calculated based on the 
95% confidence interval. Afterwards, the MCID was divided by the SD to standardize the MCID. 
If an odds ratio (OR} or relative risk (RR) were reported, we calculated the log of the MCID. In case 
of a weighted mean difference (WMD), we used the MCID as a discrete value. The values were 
represented as positive discrete values. If a weighted mean difference or standardized mean 
difference has a negative value, it should be smaller than the negative value of the MCID to imply 
clinical relevance. 
Finally, we graded the conclusions: positive if they suggested superiority of arthroplasty com-
pared to ACDF, neutral if a preference was not mentioned or negative if the value of the arthro-
plasty was explicitly questioned. These ratings were made from the perspective of a non-native 
English speaking person. Because comparisons between studies were not the objective of 
present study, we did not compute any reliability statistics. 
r. 17 
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Results 
Of the 32 articles retrieved by the search, we selected 21 10-3°. The flowchart diagram in accord-
ance with the PRISMA statement is represented in Figure 1. 
Two articles mentioned an NRS score for pain 15,3° but, after revising the included articles in the 
meta-analyses, it became clear that a VAS was meant. Therefore, an MCID in relation to NRS 
could not be investigated. 
Only Fallah et al.'s " article mentioned MCID. The authors correlated the outcome to the MCID as 
reported in the literature. However, they did not use the MCID for the correct scale in the inves-
tigated comparisons. Por example, an MCID of 7.5 was used for the NDI, corresponding to an NDI 
scale from o to 50. However, the included articles used the NDI % scale (ranging from 0 - 100). 
This increased the MCID to 15, making the calculated differences no langer clinically relevant. 
The same holds true for the VAS scores; in the original articles, they were measured on a scale 
from o to 100 instead of o to 10. 
The remaining articles did not mention the MCID and only reported whether a comparison 
revealed statistica! significance or not (see Tables 1-5 for NDI, VAS arm, VAS neck and SF 36 PCS). 
In those tables, the MCID are represented as reported in the literature. Comparing these values 
with the reported differences or ORs or relative risk, we found that almost none of them reached 
clinical relevance depending upon the outcome scale used. The scales in the meta-analyses did 
not always correspond with the scales in the original article. For example, an MCID for a VAS 
on a 1 to 100 scale is different than a VAS on a 1 to 10 scale. All the articles except Fallah et al. 12 
formulated the conclusions based on strictly statistica! results. Fourteen (66.7%) of the articles 
ended with positive conclusions 10• 13, 14• 18· 19, 21-23. 2s-29, six ( 28. 6%) drew neutral conclusions "· 15• 16• 20• ' 4• 3°, 
and one (4.7%) drew a negative conclusion 11 
Discussion 
Meta-analyses are frequently published, as they area well-known and sound method of pooling 
the results of different studies to find the best available evidence 3'. However, they are difficult 
for clinicians and patients to interpret. Statistica! significance does not automatically equal 
clinical relevance 3,32. 
Relating calculated differences or ratios to a value t hat might imply clinical relevance would 
contribute to better understanding and interpretation of the results of a meta-analysis. If costly 
treatments are involved, it would also be helpful from a societal perspective. A value like the 
MCID would be welcome in evaluating whether results are meaningful for a patient. 
MCID was developed to characterize the smallest amount of change that the patient perceived 
as meaningful 4. 33. However, it varies widely depending on various factors 1,14_ Despite its short-
comings, MCID is currently the best potential benchmark for evaluating the results of me-
ta-analyses of RCTs, because the study populations, study designs and outcome measurements 
Arte1~or ce1V1L:a: at~CP + my" r -;1,gte lr.vel dr.gererat ve ~ sease Sorne ·or:.:s1deratu.,m, 
are similar. A very important condition is that the researchers {preferably the care providers and 
patients) define the level of MCID. 
In our example, MCID was defined based on the results in similar patient groups with the same 
disease entity. Therefore, we feel confident that the MCID was not substantially different. A 
remarkable finding was that the conclusions were based on statistica] significance that did not 
appear to correspond with clinical relevance. Furthermore, caution is needed when applying an 
MCID, since it is not always clear which scale is used for the outcome measurement. 
Our review of meta-analyses limited toa single pathology could be considered a limitation of 
this study. However, we feel confident that focusing on one subject increased the impact of the 
example. Recently, many meta-analyses on the subject of interest have been published with 
similar outcome measurements. Therefore, we could clearly show that many recent studies 
with a similar design, the same subject of interest and the same outcome rneasurements did 
not address clinical irnportance. 
The lack of rnentioning MCID, which we assumed to be a reflection of clinical relevance, should 
be a point of interest when reviewing or interpreting the results of meta-analyses that report 
composite or indirect outcome measurements (e.g., NDI, SF 36, VAS or NRS). The understanding 
or interpretation of discrete outcorne measurements such as mortality or infection rate can be 
more straightforward without any need to provide a value for MC!D. Although we assume that 
introducing MCID will improve the understanding and interpretation of results of meta-analy-
ses that report on non-discrete outcome rneasurements, we would like to stress that we did not 
prove it in this study. We have only shown that it was not mentioned. 
An attractive altemative is the introduction of the number to treat (NNT) as some already have 
suggested 35-36_ The nurnber to treat expresses the number ofpatients that must be treated to 
achieve an event of clinical impact. 
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It is easy to calculate NNT. To compare the effect of a treatment in two groups, start with the 
frequency of the outcome of interest for each group separately. The difference between these two 
frequencies is the attributable risk (AR). NNT equals 1/ AR. 
The interpretation of NNT is very intuitive for clinicians: NNT expresses the number of patients 
that you need to treat to establish the outcome of interest if the patient is treated by one meth-
od instead of another. If the outcome of interest is a good outcome after treatment, the NNT is 
ideally low. 
The presentation of frequencies to calculate AR and eventually NNT is a prerequisite. However, 
as in our example, meta-analyses often report weighted or standardized means. Therefore, the 
use of NNT is restricted to meta-analyses that mention proportions or frequencies. 
To improve the understanding and interpretation of the results of meta-analyses, we rec-
ommend introducing the concept of MCID to analyses that report on non-discrete outcome 
measurements. The values reported in the literature for similar diseases and study populations 
could be used as a guide. Ideally, research ers, physicians and patients would define these values. 
The measurement scales of the analyses should be mentioned explicitly and separately in the 
presentation of meta-analyses. 
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Figure legends 
Figure 1: PRISMA flowchart 
Records indentified through 
database searching Pubmed 
andEmbase 
(n= 54) 
Additional records 
identified through other 
sources 
(n=o) 
Records after dupicates removed 
(n= 54) 
Records screened 
(n= 54) 
Full-text articles assessed 
tor eligibility 
(n= 32) 
Studies included in 
qualitative synthesis 
(n= 21) 
Records excluded 
(n = 22) 
Full-text articles excluded 
with reasons : 
• dealing with hybrid 
solutions (3), 
• focussing adjacent segment 
disease (3), 
- focussing on reoperation (2), 
-withdrawn(1) 
-heterotopic calci:fication (2). 
(n=ll) 
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Table 1: NDI and the estimated MCID at tour levels. 
SM□/ 95% 95% 
MCID 
Numberof WMO/ Mean Cl Cl NOi NOi NOi NOi 
Author patients DR1 value lowest2 highest3 S04 =7.5 =10 =15% =20% 
Zhu et al. 2016 852 SMD -0.23 -0.36 -0.09 1.94 3.9 5.2 7.7 10.3 
Zou et al. 2016 502 SMD 0.31 0.12 0.5 2.17 3.5 4.6 6.9 9.2 
Kuang et al. 2016 588 WMD -1.53 -3.8 0.73 7.5 10 15 20 
Hu et al. 2016 1713 WMD -6.68 -9.17 -4.2 7.5 10 15 20 
Yao et al. 2016 1495 OR 0.88 0.73 1.3 0.9 1.0 1.2 1.3 
Aragones et a 1. 2015 1005 WMD 0.88 0.25 1.51 7.5 10 15 20 
Wu et al. 2015 921 WMD -6.59 -6.93 -6.26 7.5 10 15 20 
Muheremu et al. 20155 837 SMD -1.11 -1.87 -0.35 11.22 0.7 0.9 1.3 1.8 
Zhang et al. 2015 590 SMD -0.24 -0.38 -0.09 1.73 4.3 5.8 8.7 11.5 
Ren et al. 2014 653 WMD 5.49 2.79 8.2 7.5 10 15 20 
Luo et al. 2015 907 SMD -1 -5.28 3.28 65.76 0.1 0.2 0.2 0.3 
Lietal.2015 1601 RR 0.95 0.91 0.8 1.0 1.18 1.3 
Gao et al. 2015 760 WMD -3.38 -8.71 1.95 7.5 10 15 20 
Yin et al. 2013 704 SMD -0.27 -0.42 -011 2.03 3.7 49 7.4 9.9 
Xing et al. 2013 1374 WMD -3.81 -8.12 0.51 7.5 10 15 20 
Fallah et al. 2012 1174 WMD -3.03 -6.21 0.16 7.5 10 15 20 
McAfee et al. 2012 1191 OR 0.786 0.589 1.05 0.9 1.0 1.2 1.3 
Jiang et al. 2012 1046 SMD 0.01 -0.25 0.27 4.29 1.8 2.3 3.5 4.7 
Yu et al. 2011 720 SMD -0.09 -0.44 0.27 4.79 1.6 2.1 3.1 4.2 
Bartels et al. 2010 1533 OR 0.794 0.641 0.984 0.9 1.0 1.2 1.3 
MCJD, minimal clinical/y important difference; NDL Neck Disability Index 
'SMD: standardized mean difference; WMD: weighted mean difference; OR: odds ratio or relative risk 
'Lowest border of 95% Confidence Interval (CI) 
3 Highest border of 95% Confidence Interval (Cl} 
4 Calculated standard deviation based on number of patients, mean and 95% Cl from reviewed study 
s UsedNDI% 
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Table 2: NDI statistica! relevance versus clinical relevance. NDI expressed as absolute scores 
(scale 0-50) and percentage scores (scale 0-100) 
NOi =7.5 NOi = 10 N0I=15% NDl=20% 
Mean Statistica! 
Author value significance* MCIO CR* MCIO CR* MCID CR* MCID CR* 
Zhu et al. 2016 -0.23 + 3.9 5.2 7.7 10.3 
Zou et al. 2016 0.31 + 3.5 4.6 6.9 9.2 
Kuang et al. 2016 -1.53 7.5 10 15 20 
Hu etal. 2016 -6.68 + 7.5 10 15 20 
Yao et al. 2016 0.88 0.9 1.0 1.2 1.3 
Aragones et al. 2015 0.88 + 7.5 10 15 20 
Wu etal. 2015 -6.59 + 7.5 10 15 20 
Muheremu et al. 2015 -U1 + 0.7 + 0.9 + 1.3 1.8 
Zhang et al. 2015 -0.24 + 4.3 5.8 8.7 11.5 
Ren et al. 2014 5.49 + 7.5 10 15 20 
Luo et al. 2015 -1 0.1 0.2 0.2 0.3 
Liet al. 20155 0.95 0.8 + 1.0 1.18 1.3 
Gao et al. 2015 -3.38 7.5 10 15 20 
Yin et al. 2013 -0.27 + 3.7 4.9 7.4 9.9 
Xing et al. 2013 -3.81 7.5 10 15 20 
Fallah et al. 2012 -3.03 7.5 10 15 20 
McAfee et al. 2012 0.786 0.9 1.0 1.2 1.3 
Jiang etal. 2012 0.01 1.8 2.3 3.5 4.7 
Yu etal. 2011 -0.09 1.6 2.1 3.1 4.2 
Bartels et al. 2010 0.794 + 0.9 1.0 1.2 1.3 
CR, clinical relevance; NDL Neck Disability Index; MCID, minimal clinically important difference. 
• IJ the mean value exceeds the value of MCID as calculated in Table 1, the re sult is considered clini-
cal valuable (+). Otherwise, it is not(-). 
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Table 3: Visual Analogue Scale arm. 
Number SMD/ MCID 26+ 
of WMD/ Mean 95%CI 95%CI MCID MCID Statistica! MCID2.6 Clinical 
Author patients OR1 value lowest2 highest3 S04 26 2.6 significance combined relevance5 
Kuang et al. 2016 437 WMD -0.23 -0.61 0.16 26 2.6 MCID2.6 
Hu etal. 2016 710 WMD -3.72 -7.48 0.04 26 2.6 MCID26 
Aragones et al. 2015 783 WMD 0.77 0.59 0.96 26 2.6 + MCID2.6 
Wu etal. 2015 714 WMD -4.92 -7.9 -1.94 26 2.6 + MCID26 
----
MCID 26-
Rao et al. 2015 637 WMD 0.04 -0.23 0.31 26 2.6 Combined MCID2.6+ 
Muheremu et al. 2015 557 SM□ -1.03 -1.74 -0.31 8.55 3.0 0.3 + MCID2.6 
Ren et al. 2014 577 WMD 9.19 6.57 11.81 26 2.6 + MCID26 
Luo et al. 2015 484 SMD -3.23 -6.48 0.02 36.48 0.7 0.1 MCID26 
Li etal. 2015 87 WMD 0.18 0.04 0.33 26 2.6 + MCID2.6 
Gao et al. 2015 793 WMD -1.46 -2.48 -0.44 26 2.6 + Combined 
Yin et al. 2013 588 SMD -0.79 -1.84 0.25 12.99 2.0 0.2 MCID26 
Xing et al. 2013 395 WMD -4.86 -6.42 -3.3 26 2.6 + MCID26 
Fallah et al. 2012 1188 WMD -2.88 -5.12 -0.63 26 2.6 + MCID26 
Jiang et al. 20126 844 SMD 0.17 -0.36 0.7 7.86 3.3 0.3 MCI026 
Jiang et al. 20126 40 SMD -2.69 -3.57 -1.81 2.8 9.2 0.9 + MCID2.6 + 
Yuetal.2011 86 SMD -0.21 -0.63 0.22 1.99 13.1 1. MCID26 
Bartels et al. 2010 1114 OR 1.078 0.791 1.469 1.35 0.3 MCID26 
' SMD: standardized mean dif.ference; WMD: weighted mean dif.ference; OR: odds ratio or relative risk 
'Lowest border of 95% Confidence Interval (CI) 
3 Highest border of 95% Confidence Interval (CI) 
4 Calculated standard deviation based on numberof patients, mean and 95%Cifrom reviewed study 
5 When combined va lues were analyzed, rating was done separately if the result dif.fered between the two 
possibilities. 
6 Used two different scales for VAS 
1 Anterior cervical discectomy for single level degenerative disease. Some considerations 
Table 4: Visual Analogue Scale neck. 
Number SMD/ 95% MCID41+ 
of WMD/ Mean 9!i% Cl Cl MCID MCID Statistica! MCID4.1 
Authors patients DR1 value lowest2 highest3 S04 41 4.1 significance combined 
Kuang et al. 2016 397 WMD -0.19 -0.71 0.33 41 4.1 MCID4.1 
--- -
Hu etal. 2016 710 WMD -7.61 -11.43 -3.79 41 4.1 + MCID41 
Aragones et al. 
922 WMD 0.65 0.46 0.84 41 4.1 MCID4.1 + 2015 
Wuetal.2015 714 WMD -6.91 -12.06 -5.77 41 4.1 + MCID41 
Rao et al. 2015 647 WMD -0.25 -0.56 D.06 41 4.1 Combined 
Muheremu et al. MCID4.1 
2015 876 SM□ -1.47 -2.15 -0.78 10.27 4.5 0.5 + MCID41 
Ren etal. 2014 577 WMD 5.42 0.21 10.63 41 4.1 + MCID41 
Luo etal. 2015 484 SM□ -5.9'3 -10.54 -1.45 41 4.1 + MCID41 
Li etal. 2015 87 WMD -0.18 -0.01 -0.34 41 4.1 + MCID4.1 
Gao et al. 2015 793 WMD -1.9'3 -3.1 -0.87 41 4.1 + Combined 
Yin etal. 2013 588 SMD -0.12 -0.25 001 1.61 28.6 2.9 MCID41 
Xing et al. 2013 395 WMD -6.16 -10.46 -5.87 41 4.1 + MCID41 
Fallah etal. 2012 1168 WMD -6.56 -9.9 -3.22 41 4.1 + MCID41 
Jiang etal. 2012 40 SMD -1 .95 -2.71 -1.18 2.45 18.8 1.9 + MCID41 
Jiang et al. 2012 844 SM□ -0.12 -0.37 0.13 3.71 12.4 1.2 MCID4.î 
Yu etal. 2011 86 SMD -0.48 -0.91 -0.05 2.03 22.6 2.3 + MCID41 
Bartels et al. 2010 1114 OR 0.009 0.59'3 1.319 1.7 0.7 + MCID41 
' SMD: standardized mean difference; WMD: weighted mean difference; OR: odds ratio or relative risk 
'Lowest border of 95% Confidence Interval (Cl) 
3 Highest border of 95% Confidence Interval (CI) 
4 Calculated standard deviation based on number of patients, mean and 9 5%CI from reviewed study 
5 When combined values were analyzed, rating was done separately if the re sult differed between 
the two possibilities. 
6 Used two different scales forVAS 
" 
Clinical 
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Table 5: Physical Component Summary of the Short Form 36 
Number SMD/ 
of WMD/ Mean 95%CI 95%CI MCID Statistica! Clinical 
Authors patients ORl value lowest2 highest3 S04 8.1 significance relevance 
Hu etal. 2016 707 WMD 2.67 0.94 4.4 8.1 + 
Aragones et al. 2015 792 WMD 1.41 0.89 1.93 8.1 + 
Wuetal.2015 714 WMD 3.16 1.87 4.44 8.1 + 
Muheremu et al. 2015 628 SM□ 0.13 -0.36 0.61 6.27 0.8 
Ren et al. 2014 590 WMD 1.91 0.94 2.89 8.1 + 
Yin et al. 2013 587 SM□ O.D7 -0.06 0.2 1.61 3.2 
Fallah et al. 2012 590 WMD -2.28 -4.17 -0.4 8.1 + 
Bartels et al. 2010 1070 OR 1.126 0.906 1.401 0.91 
1 SMD: standardized mean difference; WMD: weighted mean difference; OR: odds ratio or relative risk 
2 Lowest border of 9 5% Confidence Interval ( CI) 
3 Highest border of 95% Confidence Interval (CI) 
4 Calculated standard deviation based on number of patients, mean and 95%CI from reviewed study 
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Abstract 
Objective 
The Neck Disability Index (NDI) is a patient self-assessed outcome measurement tool to assess 
disability, and that is frequently used to evaluate the effects of the treatment of neck-related 
problems. In individualized medicine it is mandatorythat patients can interpret data in order to 
choose a treatment. A change of NDI or an absolute NDI is generally meaningless to a patient. 
Therefore, a correlation between the qualification of the clinical situation rated by the patient, 
and the NDI score was evaluated. 
Methods 
Patients who completed a NDI after anterior surgery because of symptomatic single level 
degenerative cervical disc disease were asked one month aft er completion of the NDI to qual-
ifytheir clinical situation of a 5-item Likert scale varying form excellent to bad. Since a clear 
distinction between the categories was not possible based on the total NDI score, a ROC-curve 
was build, and the AUC computed in order to estimate best dichotomization in qualification of 
the clinical situation. The best corresponding cut-off point for the NDI total score was found by 
studying sensitivity and specificity for all possible cut-off points. 
Results 
102 patients were included. The highest AUC was obtained by dichotomizing the qualification 
into a group with good outcome and less-good outcome. The highest sensitivity and specificity 
for the dichotomized qualification as good outcome corresponded to a NDI ffi. 7. Sensitivity was 
81.08% and specificitywas 78.57%. 
Conclusions 
This is the first studythat correlated the qualification of the situation by the patients them-
selves and NDL A NDI ffi. 7 corresponded to a good outcome according to the patients. This is 
valuable information to inform patients in their decision for anytreatment. 
Introduction 
The Neck Disability Index (NDI) is a frequently used, well known, and in multiple languages 
validated outcome measurement tool to assess self-rated disability in patients with neck pain. 
It can be categorized as a patient reported outcome measurement tool (PROM). The NDI is 
frequently used in clinical practice, but also for research purposes1-3. The main purpose is the 
quantification of the difference in pre- and post-treatment condition according the patients 
suffering from disabling neck pathology. The NDI addresses pain and functional items related to 
neck problems. It has been validated in bath neck pain and, especially, whiplash patients '· 4. 
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Informing the patient is crucial before installing any treatment. In modern times information 
can be gained through many resources, but the treating physician is still very important. It has 
been shown that fulfillment of preoperative expectations is related to the highest post-operative 
satisfaction. A mismatch of disease understanding and expectation between treating physician 
and patient might re sult is a less than favorable outcome according to the patients·1. 
The information provided by PROMs as the NDI obtained from studies can contribute in sketch-
ing expectations while informing the patient before any treatment. The most useful tools in the 
process of gaining information or providing it are clear clinical outcomes: mortality, infection 
rate etc. However, PROMs including the NDI are not reporting on a clearly defined outcome but 
on a combination of surrogate outcomes. 
An adequate interpretation of a PROM is difficult, especially since it has been demonstrated that 
the language used in the questionnaires is very difficult to understand for patients. As El-Daly,I. 
et al. stated in their conclusion:" the majority of PROMs analyzed are written at alevel that is 
incomprehensible to the average UK adult"8. The usefulness of the results of PROMs with low 
readability is debatable. 
However, the NDI was also incorporated in the earlier mentioned study. Fora correct understand-
ing of the NDI an education level of13-15 year-old subject was needed indicating a readability 
level of standard English8. Since the translation of the NDI into Dutch has been validated 9 we feel 
confident that most of the patients did understand the questions and completed their question-
naires without difficulty. 
Although it seemed related, the readability of a PROM is different than interpreting the result. 
For example and specifically tor the NDI, what information is provided to the patient if he reads 
or he ars that a mean total score of the NDI of 8 is achieved in a group of 100 patients after a 
certain treatment. Information should be presented in a way that is acceptable and useful for 
a patient10• Ina survey among patients with scoliosis and their careers, it was advised that the 
information should be user friendly and in plain language11• For NDI grades of disability have 
been defined, although these also differ and are based on clinical information and not the 
patients qualification'. A grade of disability like "none to mild disability" is not very illustrative 
to a patient. 
Therefore, we would like to correlate the total score of the NDI with a qualitative rating by the 
patient themselves in a way that everyone can understand. This will contribute to understand-
ing and decision making for patients in the future. 
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Methods 
The STROBE statement was followed12• The ethical board CMO Arnhem-Nijmegen approved the 
study. The study has been carried out in accordance with the World Medical Association Decla-
ration of Helsinki'l. 
Patients who participated in the Procon trial Current (Controlled Trials ISRCTN41681847) 14, 
a comparison of different anterior cervical surgery techniques for symptomatic single level 
degenerative disc hemiation without spinal card involvement, and who completed a NDI were 
included. 142 patients participated of whom 140 completed and returned the NDI. One patient 
died unrelated to the trial, the other refused to return the NDI questionnaire. So, 140 patients 
were eligible. The mean time after surgery was 9.1 ± 1.9 years (5.6-12.2 years). 
Within two months after completion of the NDI, a questionnaire was sent to the patients about 
the qualification oftheir situation regarding the neck and its related problems at that moment. 
Although little is known about the bias introduced by sending reminders 15, we did not send 
reminders or contacted the non-responders. 
A five-item Likert scale was used. We did not predefine the criteria, since we were interested 
in the qualitative judgment of the patients themselves without any bias introduced by the 
researcher. The possible qualifications of their situation were: excellent, very good, good, moder-
ate, and bad. 
For statistica! analyses SAS version 9.2 (SAS Institute Ine. Cary NC, USA) was used. Continuous 
variables are depicted as value ± standard deviation (minimum-maximum). For data analysis 
the Student-t test was used. Dichotomization of the patient qualifications seemed to be appro-
priate. To estimate which qualifications could be best combined for each possible dichotomized 
set, a ROC curve was build and the area under the curve (AUC) was calculated. The combination 
with the highest AUC was chosen. To estimate the value of NDI that corresponded best with the 
dichotomized outcome, the cut-off value of the total NDI with the highest sensitivity and speci-
ficity was chosen. A P value < 0.05 was assumed to be statistically significant. 
Results 
Of the 140 eligible patients, 102 consecutive patients completed the questionnaires (response 
rate: 72.9%). Mean NDI was 7.5 ± 8.6 (0-34) for the responders and 6.7 ± 8.3 for non-responders. 
The difference in NDI did not reach statistica! significance {P=o.6) Ten patients rated their situ-
ation excellent, 33 very good, 32 good, 23 moderate, and s qualified their situation as bad. 73.5 % 
of the patients rated their situation as good or better. In Figure 1 NDI is represented in relation to 
the Likert qualification. It was not possible to distinct the qualifications clearly based on a total 
NDI score. Therefore, we decided to dichotomize qualification by the patient. 
The biggest AUC was obtained by dichotomizing the qualifications in the group excellent, very 
good and good versus the combination of moderate and bad (AUC = 0.874). The first group 
consisted of those patients with a good outcome; the patients belonging to the Jatter wil! be 
regarded as having a less-good outcome. 
Then a ROC was constructed (Fig 2). The highest sensitivity and highest specificity fora good 
outcome is obtained when NDI is seven or less: sensitivity was 81.08% and specificity was 
78.57%. The distribution of patients after dichotomization in relation to the NDI is shown in 
Table 1. 
Discussion 
Currently, information about any treatment is very easy accessible to patients. However, 
interpretation of the data is very difficult or even impossible for most patients due to lack of 
adequate knowledge. Surrogate outcomes are provided that are valuable for scientific purposes, 
but are not easily transposed to lay terms. 
The NDI is a questionnaire assessed by the patient self. The NID consists of ten questions, and 
for each question si.x answers are possible. The answers are ordered starting trom no disability 
to maxima! disability. The answers are graded from zero to si.x, and therefore the total NDI score 
can vary between zero and fifty. The best outcome wil! be a total score of zero. 
The NDI has not been uniformly divided in grades of disability16·18. A major concern is further-
more that the investigators predefined the qualifications of each grade. They correlated it to 
existing questionnaires or findings at physical examinations. 
From an investigators point of view a total score of the NDI of zero would correspond with an 
excellent outcome. We have shown that only a proportion of the patients that rated their situa-
tion as excellent had a total NDI score of zero, whereas some patients that rated their situation 
as good or very good, also had a total NDI score of zero. Other (probably psychological) factors 
that are not taken into account in the NDI, might explain this. 
Transforming a total NDI score into an expression that can easily be understood by patients 
will help them in making a decision about their eventual treatment, and is a contribution to 
individualized medicine. This is achieved not only by calculating a cut off value for the total NDI 
score (NDI ffi 7 versus NDI > 7), but also by dichotomizing the patients' qualification in good and 
less good. 
Not actively motivating patients to respond might be considered a flaw of the study. However, 
comparison of the NDI between the group of responders and non-responders convinced us that the 
sample is representative. Especially when the response rate of more than 70%, that can be consid-
ered as good'9, is taking into account. 
Another limitation of the study could be the lack of a pre-inquiry definition of the qualifications 
as rated by the patients. Therefore, the distribution of the NDI tor any qualification is much wid-
er than when the qualifications were defined prior to asking the patients. However, this would 
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have been again the interpretation of the researcher, whereas at this moment we are convinced 
that the qualifications really represented the perspective of the patient. 
Finally, determining the cut offvalue of the NDI to consider a good or less good outcome can 
be subject of de bate. We have chosen fora conservative approach by requesting the highest 
sensitivity in combination with the highest specificity. Increasing the NDI score would increase 
sensitivity and decrease specificity, and decreasing the NDI would induce a reverse effect creat-
ing, in our opinion, a less reliable definition of good and less outcome. 
Although we did not investigated whether the patients have a better understanding of the 
expression of a good outcome compared to mild disability, we are convinced that the first is 
more appealing. From a patients perspective a total NDI score or a difference in NDI score, that is 
however important for scientific evaluation, is meaningless. It will not help him/her in deci-
sion-making about anytreatment for neck-related problems. 
In conclusion, to help the patient in the decision-making for any treatment of neck-related 
pathology it seems obvious that expressions should be used that are understandable. Therefore, 
we propose that a NDI of seven or less is qualified as a good outcome. 
Fig 1: Distribution of total ND score in relation to patients' qualification 
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Fig 2: Figure depicting the cut-off value of the total NDI with the highest sensitivity and speci-
ficity 
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Table 1: Distribution of patients based on outcome defined as good or less-good in relation tot 
NDI. 
NDI ffi 7 
NDI>7 
Total 
Good 
60 
6 
66 
Less-Good 
22 
Total 
74 
28 
102 
37 
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Abstract 
Background 
To investigate the efficacy of adding supplemental fusion or arthroplasty after cervical anterior 
discectomy for symptomatic mono-level cervical degenerative disease (radiculopathy). which 
has not been substantiated in controlled t rials until now. 
Methods 
A randomized controlled trial is reported with 9 years follow up comparing anterior cervical 
anterior discectomy without fusion, with fusion by cage standalone, or with disc prosthesis. 
Patients suffering from symptomatic cervical disk degeneration at one level referred to spina! 
sections of department of neurosurgery or orthopedie surgery of a large genera! hospita! with 
educational facilities were eligible. Neck Disability Index (NDI), McGill Pain Questionnaire Dutch 
language version (MPQ-DLV), physical-component summary (PCS), and mental-component 
summary (MCS) of the 36-item Short-Form Health Survey {SF-36), and re operation rate were 
evaluated. 
Findings 
142 patients between 18 and 55 years were allocated. The median follow-up was 8.9±1.9 years 
(5.6 to 12.2 years). The response rate at last follow-up was 98.5%. NDI at the last follow-up did not 
differ between the three treatment groups, nor did the secondary outcomes as MPQ-DLV and 
PCS or MCS from SF-36. The major improvement occurred within the first 6 weeks after surgery. 
Afterward, it remained stable. Eleven patients underwent surgery for recurrent symptoms and 
signs due to nerve root compression at the index or adjacent level. 
Conclusions 
This randomized trial could not detect a difference between three surgical modalities for 
treating a single-level degenerative disk disease. Anterior cervical discectomy without implant 
seems to be similar t o anterior cervical discectomy with fusion by cage stand-alone or with disk 
prosthesis. Due to the small study sample size, this statement should be considered as inconclu-
sive so far 
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Introduction 
Symptomatic degeneration of a cervical intervertebral disk is encountered frequently in daily 
practice with irradiating pain in the arm with or with loss of sensibility or motor function as 
clinical presentation. The incidence varies between 0.83 and 1.79 per 1000 person-years1• 2 • In 
most instances, the disk will recover spontaneously without surgical intervention3. In case of 
severe pain or pain not responding to conservative treatment, surgery is a valid and effective 
option4• 
The anterior approach is the most often used of the surgical options. In the 1950s and 1960s, 
cervical anterior discectomy without (ACD) and with fusion (ACDF) were developed and prop-
agated. Although sound evidence is still lacking for the superiority of ACDF, it serves as gold 
standard. Despite the high rate ofrecovery of non-operative therapy, an almost eight-fold in-
crease in utilization of ACDF from 1990 to 2004 was recently reported.5 Currently, plate fixation 
is considered standard for ACDF. Other fusion methods are the use of only a bone graft or a cage 
stand-alone. In the past two decades, another implant gained popularity, the disk prosthesis. In 
literature arthroplasty (ACDA) is now compared with ACDF by plate fixation. However, there has 
never been any definitive conclusion to the discussion of the superiority of ACDF; therefore, it 
is of utmost importance to complete this discussion, since more complications due to hardware 
failure may be involved, and the costs are significantly higher. ACDA has not been compared 
with ACDF with cage stand-alone, whereas the dissection for the latter is nearly the same as for 
ACDA, which may cause similar perioperative complication rates. 
Des pi te statistically significant superiority, the clinical outcome after ACDA and ACDF with 
plate fixation is similar regarding clinical relevance.6• 7 At present, research is focused mainly on 
degeneration of the adjacent interverte bral disk, 8 which is diagnosed radiologically. However, 
this is a surrogate outcome, and its clinical importance is unknown. The causative relation to 
surgery is also subject of de bate. 
Since implants are costly, the discussion should start with the question whether implants are 
needed in case of surgical therapy for single-level disease. This is the first study that investigates 
whether the patient-reported clinical outcome differed between patients who were treated by 
either ACD, ACDF with cage stand-alone, or ACDA. 
Methods 
Study design and oversight 
The guidelines of the CONSORT 2010 statement were followed9• 
Registration of the trial in the registry was done shortly after the starting recruitment of 
patients. since the authors (at that time) were not aware of the fact that registration in an 
international register was also necessary since it was already re giste red in a national register. 
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The authors confirm that all ongoing and related trials for this drug/intervention are registered. 
Patients were enrolled between October 5th, 2003 and June 10th 2010 in a single center {the 
Canisius Wilhelmina Hospital, Department of Neurosurgery, Nijmegen, the Netherlands) in a 
randomized controlled trial.'0 
Patients were eligible if they suffered from a radicular syndrome in the arm due to one-level 
cervical degenerative disease of an intervertebral disk at MRI and the involved level was still 
mobile at dynamic radiographs. They were assigned to surgical treatment consisting of cervical 
anterior discectomy followed by one of the following three surgical options: fusion by cage 
stand-alone {ACDF), arthroplasty (ACDA), or no implant at all (ACD) After written informed con-
sent, patients were randomized using a closed-envelope system delivered by an independent 
co-worker of the medical administrative subdivision of the department. 
The trial design was a prospective, double blind, single center randomized study with a three 
arm parallel group design. The experimental group was ACDA, whereas ACDF and ACD were 
control group. In the final analysis, it was considered as a superiority design. The type of ran-
domization was 1:1:1. The evening before surgery, the treat ing surgeon was informed to which 
group the patient had been allocated. 
Although designed as a multiple centre study, the commitments from other centers to contrib-
ute were not fulfilled due to several reasons. Re as ons were the introduction of more promising 
and less technically demanding implants on the market, and the lack of financial support. 
Although a formal interim analysis was not planned nor made, because it was expected that 
adding a different implant toa very common procedure would not result in a dramatic positive 
or negative effect that would justify terminating the trial, whereas the sample size would in-
crease, the inclusion ended before reaching the predefined sample size. After the publication of 
a meta-analysis indicating that a clinical difference was not present comparing cervical anterior 
discectomy with fusion and with arthroplasty.n, we could not justify the continuation of the 
trial, because the costs for the disk prosthesis were five times higher than a cage stand-alone. 
The primary outcome measure was the Neck Disability Index {NDI) at five years. Due to the 
Jonger inclusion time and our interest in the log term results, we decided after internal decision 
to send all patients quest ionnaires about the NDI in order to have a better impression of the 
effect of surgery after longer follow-up for the primary outcome measurement. This was done 
at the moment the last patient completed the five year follow-up. All patients were contacted 
again and asked to complet e the NDI. The last follow-up for all patients was December 1•t, 2015. 
Secondary outcome measurements were McGill Pain Questionnaire Dutch language version 
(MPQ-DLV), numeric rating scale (NRS) arm and NRS neck, physical-component summary {PCS) 
and mental-component summary (MCS) of the 36-item Short-Form Health Survey (SF-36), com-
plications, and reoperations. 
44 Anterior cerv1cal discectomy for single level degenerative disease. Same consrderations 
Postoperative data collection started 6 weeks postoperatively, and patients were followed for 5 
years. At the last follow-up, patients were also asked to complete NRS arm and NRS neck ques-
tionnaires estimating the pain during the previous 24 hours. 
Patients 
All adult patients aged between 18 and 55 years with monoradicular signs and/or symptoms in 
the arm due toa hemiated cervical intervertebral disk and/or an osteophyte at MRI without a 
history of any cervical spine surgery were eligible. In the original protocol a maximum age was 
written of 50. We assume that this was a miswriting since in the trial registration the maximum 
age of was 55. In the subsequent publication'0 the maximum age was also set at 55. The radio-
logical findings should be in accordance with the clinical presentation, and the involved level 
should be mobile at dynamic radiographs of the cervical spine. 
Patients were screened for eligibility after referral. The surgeon offered the possibility of par-
ticipation to the trial. After at least 48 hours, the patients were contacted again and asked for 
informed consent. 
Patient involvement 
We did not involve patients or lay people in the design of the study, since the basic cervical 
anterior discectomy was already a well-known and accepted treatment. We were interested if 
adding an implant would be of benefit for the patient. Por these purposes we have chosen out-
come measures that were known to reflect the clinical situation and daily burden of a patient 
regarding disability, pain and quality of life. To investigate the benefit we were interested in 
outcome measurements reported by the patients themselves. Before the study, we extensive-
ly studied the burden of participating to the trial for the patients since it was also part of the 
approval procedure for the ethical comrnittee. 
During the study, however, the method for follow-up has significantly been changed since pa-
tients requested not to be obliged to visit the outpatient clinic in order to complete the sched-
uled follow-up moments ifthey had no complaints. Theywere willing to complete the question-
naires at home and return them by flat mail. 
Interventions 
All patients underwent a standard anterior cervical discectomy with bilateral decompression of 
the nerve roots. If the patients were allocated to ACD, the wound was closed; if they were allo-
cated to ACDF, a cage stand-alone filled with autologous bone was implanted (Brantigan cervical 
I/F cage, DePuy Spine, Ine., Raynham, MA, USA), and in case of ACDA, a Bryan disk prosthesis 
(Bryan disk prosthesis, Medtronic, Memphis, TN, USA) was implanted according to the guide-
lines provided by the company. Postoperatively, none of the patients was prescribed a collar. To 
prevent heterotopic ossification, only the patients allocated to ACDA were prescribed meloxicam 
for 2 weeks. 
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All (four) trial surgeons were senior spinal surgeons experienced in the three types of interven-
tion. Institutional review board approval was obtained (The Ethics Committee CMO Arnhem-Ni-
jmegen, CMO-nr: 2002/200; date of approval May 14, 2003). There was no industry funding. 
Outcome measures 
The primary outcome was a change in NDI score (scale o to 50 points) at the last follow up in 
November 2015. The NDI is a well known and validated (in multiple languages) outcome-meas-
urement instrument to assess self-rated disability in patients with neck pain.12·14 
Secondary outcomes were the MPQ-DLV, SF-36, complications, re-operations, and visits to physi-
cians or therapists concerning neck problems after the index surgery for advice or conservative 
treatment. 
MPQ-DLV is a questionnaire that indudes several domains. At the moment of completion, the 
MPQ-DLV and the visual analog scale (VAS) should be rated; whether the complaints were mini-
mal or maximal should also be indicated. A description of the pain should also be given, chosen 
from a list of adjectives. The number of adjectives was counted (number of word chosen-total 
[NWC-T]), as well as the sum of the ranks belonging to each adjective (pain rating index total 
[PRI-T]). 
Patients were encouraged to complete the SF-36, MPQ-DLV, and NDI questionnaires themselves, 
or with the assistance of an independent physician assistant, before they visited or contacted 
their physician. Patients who wanted to participate, but did not want to visit the outpatient 
clinic, were offered the possibility to complete the questionnaires at home and return them as 
hard copy by mail. Baseline NDI, SF-36, and MPQ-DLV were derived carried through 60 months. 
NDI was also derived at the last follow-up, as was the NRS arm and NRS neck. The response rate 
was expected to decrease at every follow-up visit during the first 2 years, a well-known phe-
nomenon.15·17 
For the final follow-up, we emphasized the importance of completing the questionnaires and 
reminded the patients to do so, if they had not responded. 
To optimize participation further, we focused at the last follow-up on the primary outcome 
(NDI) and the NRS arm and NRS neck. We did not use the MPQ-DLV since it had been shown that 
responsiveness was higher for NRS compared with VAS,18 which is only apart of the MPQ-DLV. 
A high correlation has been found between VAS and NRS supporting interchangeable applica-
tion.'9 
Recently, a good outcome was also defined as NDI ffi.7.2° Apart from comparison of the NDI value 
among groups, the proportion of good outcome was also evaluated, although it was not includ-
ed in the original protocol. 
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Statistical analysis 
We changed the noninferiority assumption into a superiority assumption. We justified this 
change by the tact that we assumed originally that the three methods resulted in at least simi-
lar clinical results, and we expected better results for ACDA. 
In the original protocol a 20% difference in excellent outcome was the base tor the sample size 
calculation. An excellent outcome, however, was not exactly defined. Since NDI was a primary 
outcome measurement, the statement about difference in excellent outcome was interpreted as 
a difference in NDI. 
The total sample size using NDI measuring on a numeric scale (0/50) should be a minimum 
of 243 patients in order to detect a difference of 10 (or 20% if the percentage scale was used 
ranging trom o to 100%). The altemative hypothesis considered a difference of 10 points or 20% 
in the NDI as clinically relevant. While designing this study, information regarding the minimal 
clinically important difference was lacking, but recent studies confirmed our assumption."· 22 
We estimated a dropout rate of 10% and therefore estimated that the trial needed to include 
270 patier.ts. A dropout rate of 10 % was chosen since it was assumed that a certain amount of 
people would not participate in the trial after inclusion. Since this number varied comparing 
several trials we arbitrarily have chosen tor 10% in order to have the greatest change to perform 
an analysis on the previously calculated sample size. 
For analysis the intention to treat principle was tollowed. Analyses of the primary outcome 
were performed including all patients that had completed the questionnaires at their last 
follow-up. From the two patients that were lost to follow-up, the baseline data were included, 
as well as the data at their last follow-up moment. Missing data were not imputed. Only the 
available data were analyzed. Stratification was not applied. 
For NDI as the primary outcome measure, analyses were done using a linear mixed fixed effects 
model with variance components as covariance type and only a random intercept. In this model 
treatment group (factor), moment of measurement (factor), and baseline score (covariate) were 
used to explain the dependent variable (NDI). Age (covariate), enrolment time (covariate), sur-
geon (factor), and gender (factor) were incorporated in the model, in order to correct tor possible 
confounding. 
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The proportion of patients with a good outcome within each treatment group was also com-
pared. The same technique with similar varia bles was used for analyses of MPQ-DLV and SF-36 
for two years postoperatively and at 5 years. Analyses for NRS arm and neck were set at the last 
follow up (December 2015). 
The NRS arm and NRS neck at the last follow-up between groups were analyzed separately 
and investigated using the one-way ANOVA method. Two analyses were done: (1) including 
all patients irrespectively of the intervening treatment simulating a real life situation, and (2) 
excluding those patients that underwent additional surgery. HG and RB analyzed the data. 
Baseline characteristics were compared between groups using chi-square tests or for categorical 
data, and one-way ANOVA techniques for continuous data. Numeric data are represented by 
mean value ± standard deviation (SD). Results of the analyses by the mixed model are represent-
ed as mean, standard error and 95% confidence interval (95% CI). For the statistical analyses, SAS 
version 9.2 (SAS Institute Ine. Cary NC. USA) was used. 
Results 
Patients 
Overall, 272 patients were eligible for inclusion in the trial after screening. However, 18 patients 
explicitly had a clear preference for one treatment, and 112 refused to participate. Finally, 142 
patients gave informed consent and were randomized. The mean age of the study population 
was 44.9±6.5 years; 50% were female. Baseline characteristics are presented in Table 1, and the 
distribution of the operated level is presented in Table 2. For 140 (98.6%) patients, the median 
last follow-up was 8.9±1.9 years (range 5.3 to 12.2 years). 
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Table 1. Baseline Characteristics of Included Patients Allocated to Anterior Cervical Discectomy 
Without Any Implant (ACD}, Anterior Cervical Discectomy With Fusion by Cage Stand-Alone 
(ACDF}, or Anterior Cervical Discectomy With Arthroplasty (ACDA) (All characteristics were similar 
between groups without reaching statistica/ significance Jor any difference). Numerica/ data repre-
sented as mean ± SD. 
ACD ACDF ACDA 
Age-yr 44.3±56 43.1±7.5 44.1±6.4 
Gender (F/M) 23/22 22/25 26/24 
---
Smoking (Y /N} 16/29 24/23 27/23 
Alcohol consumption (Y /N) 20/25 24/23 27/23 
NDI 17.1±6.4 18.8±7-4 18.8±7.5 
SF-36 PCS 43.6±12-3 44.0±11.0 44.1±13.9 
SF-36MCS 62.1±18.8 55.7±21.1 58.3±22.2 
VASminimum 21.9±19.2 26.9±21.9 30.1±23.8 
VASmaxunum 71.6±26.6 68.0±29.1 664±299 
VASmoment 41.9±25.4 39.5±26.0 47.6±29.6 
NWC-T 10.5±4.7 8.6±4.8 8.1±4.8 
PRI-T 18.5±9.3 15.2±10.2 14.7±10.9 
Total 45 47 50 
49 
50 
Table 2. Surgical Level in Relation to Procedure (ACD, ACDF, or ACDA) Statistica/ difference was not 
reached (P=o.232). 
level 
C4C5 
C5C6 
C6C7 
Total 
Total 
3 
66 
73 
ACD 
26 
18 
45 
ACDF 
2 
19 
26 
47 
ACDA 
0 
21 
29 
50 
Fifty patients were allocated to ACDA, 47 to ACDF, and 45 to ACD. No differences regarding base-
line characteristics were present between the treatment groups. One patient allocated to ACDA 
died due to a cause unrelated to the intervention, and one patient allocated to ACDF refused to 
complete the last questionnaire. 
One patient was allocated to the arthroplasty group, but intraoperatively it was not possible 
to introduce the disk prosthesis and a cage was implanted instead. According to the inten-
tion-to-treat principle, this patient remained within the arthroplasty group for analysis. The 
flow diagram according to Consort is represented in Fig 1. 
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Fig 1: flow diagram according to Consort 
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Primary outcome 
The outcome was dependent upon the baseline score (P = 0.009). Gender, surgeon, time to enrol-
ment and age did not affect the outcome between treatment groups. At two years the primary 
outcome NDI improved 13-4 ± o.8 points compared to baseline. This difference was statistically 
significant (P = 0.009). A statistically significant difference between the three groups was ab-
sent (Table 3, Figs _g and 3) 
Table 3. Estimated Marginal Mean Va lues of NDI at Different Follow-Up Intervals, based on the 
linear mixed model computed for baseline NDI score of 18.75* 
95% Confidence 
Interval Number of patients 
Postoperative Standard Lower Upper 
Follow-Up Mean Error Bound Bound ACD ACDF ACDA 
6weeks 9.2 0.846 7.6 10.9 32 34 36 
3months 7.7 0.846 6.o 9.4 31 36 39 
1_year 6.5 0.858 4.9 8.2 30 34 35 
~ars 5.5 0.958 3.6 H . 19 19 24 
3 ears 7-1 1.046 5.0 9.2 12 13 18 
5 years 6.o 1.259 3.5 8.~ '1 _2_ 10 
_2__Years ü 0.829 5.8 9.1 45 46 42._ 
* At mixed models with fixed effe cts, only the difference between the preoperative NDI and at 6 
weeks' follow-up reached statistical significance. During the remaining follow-up, it remained 
stable. 
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Fig 2: NDI with 95%CI at different follow-up moments for the complete sample. 
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Fig 3: NDI with 95% CI at each follow-up moment and per treatment modality. 
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At the last follow-up and compared with baseline NDI improved to 7.5 ± 8.5. A statistically 
significant difference between the groups was absent (P = 0.324). The only clear and statistically 
significant improvement in NDI was seen between the measurements pre-operatively and 6 
weeks postoperatively. Afterward, a clinically relevant change of NDI did occur anymore during 
follow-up. The mean difference of NDI between 2 years postoperatively and the last follow up 
was 2.0 ± 0.7 (p = 0.009). Between the treatment groups a statistically significant difference did 
not exist (Table 4) 
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Table 4 The difference in estimated marginal means between groups computed with linear mixed 
model 
Lower Upper 
Mean bound bound 
Treatrnent pair difference SE df p 95%CI 95%CI 
----------------- - -
ACDA ACDF -0 .003 1-308 110 793 0.998 -2.595 2.590 
ACDA ACD -1659 1.394 108.981 0.237 -4-422 1.104 
ACDF ACD -1.656 1.429 109.095 0249 -4-489 1.176 
----
If the patients who underwent a surgical procedure aft er the index procedure (n = 11) were 
not incorporated in the analysis, NDI improved to 6.5±7.9, without any statistically significant 
difference between the treatment modalities (P = 0.832). Of the patients treated by ACDA, 73-5% 
had a good outcome as defined by a score of NDI ffi.7, by ACDF 60.9%, and ACD 57.8% at their last 
follow-up, but this was not statistically significant (P = 0.239). 
The enrolment time to model time[E] did not affect the outcome and was, therefore not in-
cluded in the model. Gender, age, and surgeon were not related to any clinical relevant outcome 
measurement. 
Secondary outcomes 
Regarding the summary scales of SF-36 at two years the mean improvement of PCS was 32.1±2.5. 
A statistica] difference between the treatment modalities was not found at any follow-up 
moment (P = 0.873). MCS improved on average 22.8±2.1 without any statistically significant 
difference between the groups at any follow-up moment (P = 0.874) (EigA). 
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Fig 4: graph depicting PCS (A) and MCS (B) with 95% Cis at different follow up and for each treatment. 
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VAS as part of the MPQ-DLV improved to 17.3±24.0, 9.2±16.5 when the complaints were minimal, 
and 24-4±31-4 if maxima!. Only the VAS at the moment of completing the questionnaire is shown 
in Hg_s. All others had a similar pattern to NWC-T and PRI-T. NWC-T was 4±5, and PRI-T was 
6.3±9.7. None of them reached statistica! significance between the treatment modalities (VAS 
at moment completing questionnaire: P = 0.429, VAS minimal pain: P = 0.534; VAS maxima! P = 
0.593; NWC-T: P = 0.690; PRI-T: P = 0.657). 
MPQ-DLV was completed by only 22 patients at 5 years. Therefore, we represent them only in the 
graphs (Hg_s). Instead, we mention the NRS arm and NRS neck, which were obtained at the last 
follow-up in 140 patients. NRS arm was 1.8±2.5, and NRS neck was 1.9±2.6. A statistica! difference 
between the treatment groups was not present (P = 0.622 and 0-496, respectively). 
Fig 5: VAS at the moment of completing Questionnaire with 95% Cl at different follow-Up 
moments until 5 years 
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Complications 
In 13 patients (9.2%), complications occurred that were not related to signs or symptoms of 
recurrent compression or nerve root involvement at the adjacent segment (Table 4). Urinary 
tract infections, pulmonary infections, deep venous thrombosis, pulmonary embolism, or deep 
wound infections did not occur. A superficial wound infection was present in one (0.7%) patient, 
hoarseness was reported in tour (2.8%) patients, dysphagia in seven (4.9%) patients, and a post-
operative haemorrhage warranting surgical re-exploration in one {0.7%) patient (Table 5). 
Table 5. Complications Related to Treatment Group (Number/Percentage of Group). • 
Complication ACD ACDF ACDA 
Number of patients 45 47 50 
Urinary tract infection, 
o (o) o (o) o (o) 
n{%) 
Pulmonary infection, 
o(o) o(o) o(o) 
n(%) 
Deep venous thrombosis/ 
pulmonary embolism, o(o) o(o) o (o) 
n(%) 
Superficial wound 
o(o) 1 (2.1) o(o) infection, n (%) 
Deep wound infection, 
o(o) o(o) o(o) 
n(%) 
Hoarseness, n (%) 3 (6.7) 1 (2.1) o(o) 
Dysphagia, n (%) 1 (2.2) 4 (8.5) 2 (4.0) 
Postoperative 
1 (2.2) o (o) o(o) 
hemorrhage, n (%) 
Total, n {%) 5 (11.1) 6 (12.8) 2 (4.0) 
Recurrent nerve root symptomatology 
Eleven (7.8%) patients underwent surgery due to recurrent signs or symptoms related to com-
pression of a nerve root at the index level in three (2.1%) patients and at the adjacent level in 
eight (5.6%) patients (Table 6). The difference between groups did not reach statistica] signifi-
cance (P = 0.132) 
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Table 6. Surgery for Recurrent Signs and Symptoms due to Nerve Root Compression at the Index 
Level or Adjacent Segment. 
Procedure ACD ACDF ACDA 
Surgery for adjacent segment disease, n [%) 3 (6.7) 5 (10.6) o (o) 
Surgery for recurrent compression at index level, 
11 (2.2) 1 (2.1) 1 (20) 
n{%l* 
Posterior surgery 1(22) 1 (2.1) 11 (2.0) 
Anterior surgery 1 (2.2) o(o) o(o) 
Total, n 4 6 
* Approaches for the surgery at the index level is subdivided in anterior or posterior approach. 
1 One patient was also operated anteriorly because of insufficient result of the first posterior 
re-exploration. 
' One patient visited the outpatient clinic for recurrent signs and symptoms before completing 
the NDI questionnaire. This crossed the radiological examinations, after which she was offered 
surgical therapy for recurrent stenosis at the index level. She was not included in this analysis. 
Consultation of physicians or therapists 
Of 140 patients at the last follow-up, 58 (41.4%) consulted at least once a physician or therapist 
after the index surgery for problems relating to their neck. The number of patients was equal-
ly divided among treatment allocations (ACDA 19, ACDF 19, ACD 20) without any statistically 
significant difference (P = 0.872). The consulted caregivers (with the number ofpatients who 
visited the caregiver in parentheses): physiotherapist (26); chiropractor (2); osteopath (1); neuro-
surgeon (15); orthopedie surgeon (5); genera! physician (1); pain consultant (6); and neurologist 
(5). Some patients consulted more than one caregiver. A d.ifference between treatment groups 
did not exist (P = 0.144). 
Discussion 
This study is unique since three surgical options were compared: ACD, ACDF with cage stand-
alone, and ACDA. The follow-up period is the longest in literature, and the response rate for 
primary outcome NDI is very high (98.6%). 
For the first time, the clinical outcome of ACDA is compared with ACDF with cage stand-alone or 
ACD. Until now, arthroplasty has been compared only with ACD with fusion with plate fixation. 
Comparing ACD with arthroplasty and ACD with fusion by plate is comparing two different 
surgical methods, since the dissection is wider and slightly different in case of the implant of a 
cage. ACDF with cage stand-alone will resemble more the technique of ACDA.24 In the current 
trial, the only difference is whether an implant is chosen and, if so, which implant. 
S9 
It is remarkable that ACDF is considered as the gold standard, since sound evidence is still 
lacking in literature. In one study comparing four groups, a statistically significant difference re-
garding in favor of an additional implant was found after short-term follow-up.'s The authors of 
that study commented on the findings that the results were flawed by the small sample size of 
125 patients in total.'S A recent systematic review did not show any clinical superiority of ACDF.'6 
Patients want a treatment that provides them with long-term relief of signs and symptoms, so 
focus on clinical outcome is important. Therefore, we did not remove from our analysis the pa-
tients who have been operated on after the index surgery. This analysis shows clearly what the 
result of a treatment is after g years, including intervening surgical therapies. We did not focus 
on radiological outcome. In our opinion, surrogate outcomes such as radiological deterioration of 
adjacent levels without any clinical sign or symptom are not relevant for patients. 
In the end, comparing ACD with ACDF and ACDA, the clinical result is similar. Irrespective of the 
treatment, there is a small change indicating that an additional surgical procedure is needed. 
Although not statistically significant, it seems that surgery for adjacent segment disease is less 
aften provided for ACDA. Although proponents of the use of cervical disk prostheses claim that 
prevention of adjacent segment disease is their major benefit compared with ACDF with plate 
fixation, meta-analyses still show contradicting results.27· 29 
Although our results wil! contribute to future meta-analyses on this topic, we do not feel 
confident to recommend disk prostheses as a standard option. Health economics should be 
considered. Since clinical outcome is not involved in the end, societal casts and hospita! casts are 
involved. These differ between countries. Furthermore, it is important to calculate the number to 
treat to prevent one extra patient from developing adjacent segment disease. If the casts of an 
implant are relatively very high (as are disk prostheses in the Netherlands), it might not be eco-
nomically worthwhile to advise disk prosthesis. A thorough economie evaluation is warranted. 
We will not advocate new studies including new patients. One possibility would be to collect all 
individual patient data in the numerous randomized controlled trials that have been performed 
comparing ACDA with ACDF by fixation with plate by an independent researcher who has no 
relation to the industry and does not favor one method above another. Focus should be on the 
difference in proportion of good outcome. Whether disk prosthesis should be advised so as to 
prevent adjacent segment disease cannot be concluded based on the results of this study. Cost 
analysis in relation to number to treat is important. 
Limitations 
Ending the trial before reaching the calculated sample size might be explained as a major flaw. 
As explained in the Methods section, we could not justify continuation of inclusion. We feit a 
major obligation to follow the patients and report on the results. Given the presented results 
following the protocol, in our opinion, the conclusion would be the same as when the calculated 
sample size was achieved. Because of these sample size constraints, the risk of not detecting 
even modest changes is still present, but nevertheless we would like to describe the findings 
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as inconclusive.3° However, recent insights about the definition of a good outcome'0 make 
us doubtful of the correctness of this decision. Comparing the proportions of good outcome, 
extending the trial could probably have led to amore conclusive statement about a difference in 
treatments. 
The long time to include patients might also be addressed as a flaw. However, since the start of 
the trial. operative techniques have not been changed, and this wil! not have influenced the re-
sults. Although the trial was developed initially as a multi-center trial, other initially supporting 
centers did not participate. The mono-center execution of the trial might be defined as a flaw 
as well, but in our opinion, this wil! not affect generalizability. The inclusion criteria were very 
clear, the operative method is not exclusive, the decision to offer new surgery was also clearly 
described, and the primary outcome NDI is a patient-reported outcome that has been validated 
worldwide. 
We think that this small deviation of the original protocol by adapting the maximum age did 
not influence the results since movement of the involved disc level at the dynamic X Rays was 
required for inclusion. 
Not reporting the short-term outcomes at 3 months and 1 year did not influence the interpreta-
tion of the results, since after 6 weeks postoperatively the results did not alter, This is in accord-
ance with our experience in daily clinical practice. Major improvements in the clinical situation 
are not expected anymore after the first postoperative out patient clinical visit (approximately 
six weeks postoperatively). 
Another shortcoming is the decision to make the patient responsible for completing the ques-
tionnaires without strict control. Therefore, the response gradually decreased during follow-up. 
However, at the last follow-up, the response rate was nearly 100%, probably because of amore 
active attitude from the researchers. This contributed to a good response regarding primary 
outcome NDI, NRS, and reoperations. We are aware that a VAS measured in millimeters is not 
similar to the NRS in scale o to 10, but comparison of severity of pain is still possible 19 . There-
fore, the VAS as part of the secondary outcome MPQ-DLV can be compared with the NRS arm 
and neck. These outcomes are relevant to patients. The effect ofblinding is always a subject of 
discussion. However, since patients always see their postoperative radiograph, blinding was 
not possible. Since we advocated the trial to the patients by emphasizing that we really did 
not know what the best treatment was, the effect of not blinding will be minimal. Further, one 
might criticize the decision to analyze the whole group including those patients with additional 
surgery after the index surgery. In our opinion, though, this resem bles the daily clinical practice, 
since patients are interested in the final result after a certain treatment including additional 
operative or non-operative treatments. Tuis might result in worse treatment results because of 
complaints occurring because of a second operated level. Therefore, it could be considered as a 
pragmatic solution, since we do not optimize our analysis only in order to determine efficacy.17 
Selection bias based on failure for concealment might have occurred. However, since the sur-
geons did not have any preference for a method, the patients were included after they had the 
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possibility to consider participation, and the allocation was known the evening before surgery 
we think the change for this kind of bias is minimized. In fact, none of the patients refused the 
allocated type surgery, nor did the surgeons refuse to perform it. 
Conclusion 
This randomized trial could not detect a difference between three surgical modalities for 
treating a single-level degenerative disk disease. Anterior cervical discectomy without implant 
seems to be similar to anterior cervical discectomy with fusion by cage stand-alone or with disk 
prosthesis. Due to the small study sample size, this statement should be considered as inconclu-
sive so far. Although a difference was noted in the incidence of adjacent disc disease a definitive 
conclusion can not be made due to the small sample size. 
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Abstract 
Background 
Anterior cervical discectomy is a well-known and frequently performed procedure. Although 
several variations of the procedure exist, the basics remain similar: decompression of the 
impinged nerve root and/or compressed spinal card. To counsel patients properly before an 
operation, information about the expected outcome is necessary. 
Objective 
To define factors that predict outcome after an anterior cervical discectomy procedure because 
of single-level degenerative disease. 
Methods 
From a prospective cohort of patients, outcome was determined by Neck Disability Index 
(NDI). An NDI score ffi. 7 was considered as a good outcome. Predictive factors were determined 
through univariate and regression techniques. 
Results 
140 patients were included for this analysis. Mean follow-up was 9.1 ± 1.9 years (5.6-16.0 years). 
Predictive factors fora less than good outcome were smoking behavior (odds ratio [OR] 4.318, 
95% confidence interval [CI]: 1.703-10.948), index level at c5c6 (OR 4.250, 95% CI: 1.675-10.781), 
and not having been operated for adjacent segment disease (OR 9.615, 95% CI: 1.003-90.909). 
This was also true for a positive increase of the postoperative sagittal angle at the index level 
(OR 1.095, 95%CI: 1,013-1,183). The preoperative NDI score strongly correlated with the NDI score 
at last follow-up. 
Conclusion 
Factors that strongly predict a suboptimal outcome are smoking and, very remarkable, surgery 
at c5c6. Furthermore, a positive increase of the sagittal angle at the index level also contributed 
toa good outcome, as well as not having an operation due to adjacent disc disease. 
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Introduction 
Cervical degenerative disease with radicular symptoms is encountered frequently in daily 
practice. In general, a conservative treatment is instituted with good results. However, if the 
treatment fails, surgery is a valid option. The outcome of surgery depends in part upon the 
expectations of the patient. Therefore, preoperative consultation mentioning pros and cons of 
surgery is extremely important. 
To provide optimal information knowledge of predictive factors is helpful. Several studies tried 
to identify factors that were predictive of a good outcome.1·s However, they used scales such as 
the Neck Disability Index (NDI) or Visual Analog Scale (VAS) that are continuous. Predictive fac-
tors were related to these respective scores by regression techniques, by re lating those factors 
to the minimal clinically important difference (MCID) and other indirect methods to address 
the amount of patient satisfaction. Recently, a clear cut-off value of the NDI has been described 
fora good outcome according to the rating of the patient.6 Based on this value of the NDI, a 
patient-reported outcome measurement tool, a clear distinction can be made between a good 
and less than good outcome. In this study, we evaluate factors that could be a possible predictive 
factor of a good outcome after surgery. 
Methods 
The Ethics Committee CMO Arnhem-Nijmegen approved the trial (CMO-nr, 2002/200). The 
study was carried out in accordance with the World Medica! Association Declaration ofHelsin-
ki.7 The STROBE statement was followed. 8 
Patients participated after informed consent in a randomized controlled trial investigating 
whether a difference existed in outcome between anterior cervical discectomy without fusion 
(ACD), with fusion by stand-alone cage (ACDF). or with implantation of a disc prosthesis (ACDA). 
The results ofthis trial onlyfocusing on outcome have been reported.9 Only patients who com-
pleted the NDI at the last follow-up were included in the current study. Because of the research 
question, it was considered a prospective cohort of patients. An NDI score :ffi 7 is considered as a 
good outcome.6 
The following factors were included in the analysis: age, body mass index (BMI), surgical pro-
cedure, level of surgery, sagittal alignment of cervical spine preoperatively (lordosis, straight, 
kyphosis) assessed by the modified Toyama procedure,10 surgeon, history oflow back surgery, 
surgery for cervical adjacent segment disease (ASD) after index surgery, sagittal angle of the 
index level measured by the posterior tangent method 1 day postoperatively,11 and preoperative 
NDI score. 
For statistica! analysis, SPSS version 22.0 (Armonk, NY: IBM Corp.) was used. Categorical data 
were analyzed by chi-square tests, and continuous data by student-t tests. Continuous variables 
are represented as mean ± standard deviation (minimum - maximum). 
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First. a univariate analysis was performed exploring the relation between outcome and the 
factor. If p ffi. 0.10, the variable was included in the next analysis, a logistic regression with back-
ward selection for the selected variables. In this model odds ratios (ORs) were estimated, as well 
as the 95% confidence intervals {Cis). A p value ffi. 0.05 was considered statistically significant. 
Results 
Of the 142 patients who were included in the trial, 140 could be included for this analysis. Half of 
them were male. The mean age was 54.2 years ± 6.5 years (18.3-54.2 years) and mean follow-up 
was 9.1 ± 1.9 years (5.6-16.0 years). Ninety (64.3%) patients reported an NDI score ffi. 7 and were 
considered as having a good result. Univariate testing for the following factors did not resolve 
statistica! significance: surgeon {p = 0.553), surgical procedure {p = 0.213), BMI {p = 0.284), age 
{p = 0.736), history of previous low back surgery (p = 0.101), and preoperative sagittal alignment 
{p = 0.447). 
The difference in good outcome between males (72.9%) and females (55.7%) reached statistica! 
significance (p = 0.034). Patients who smoked had a worse outcome than those who did not (p = 
0.007). The history of smoking was known for 127 (90.7%) patients, and these patients were in-
cluded in the logistic regression. 43.3% of the female patients smoked, as did 28.1% of the males. 
This difference did not reach statistica! significance {p = 0.085). Six patients were operated 
within the follow-up operated fora symptomatic adjacent segment disease and perceived a less 
than good outcome. This contrasted with the group who did not suffer from ASD and had a less 
than good outcome (33 .3%); this difference reached statistica! significance (p = 0.017). Outcome 
seemed to be related to thec4c5, c5c6 and c6C7 levels of surgery {p = 0.032), with a good outcome 
related to qc5 and c6C7 (75.0% and 74.3%, respectively), whereas those patients who were op-
erated on at c5c6 level experienced more often a less than good result (good outcome: 53.0%). It 
should be mentioned that only 4 patients were treated at qc5 level. The postoperative angle of 
the index level was 1.9 ± 5.6 degrees in the group that had a good outcome and-0-3 ± 6.7 in the 
group with a less than good outcome (p = 0.037). This differed statistically significantly among 
the applied treatment: ACDA 1.5 ± 5.3 degrees, ACDF 4.3 ± 5.9 degrees, and ACD-2.2 ± 5.3 degrees 
{p < 0.001). The angles within each treatment related to outcome are represented in Table 1. The 
preoperative NDI score was 17-4 ± 7.3 and 20.0 ± 6.7 for patients with good result and those with 
less than good result, respectively (p = 0.037). 
The following factors were included in the model: gender, smoking, level of index surgery, ASD, 
postoperative angle of the index level, and initia! NDI score. After backward selection, the only 
factor that was removed was gender (p =0.221). The results are represented in Table 2. A statisti-
cally significant difference was seen with smoking {p = 0.002), ASD (p = 0.048), level of surgery 
comparing c5c6 with c6C7 (p = 0.002). and postoperative angle of index level {p = 0.021). 
Discussion 
Knowledge of factors that predict long-term outcome is essential in counseling patients. Analy-
sis of predictive factors has been done before.'·5 However, a good outcome was not defined using 
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a cut-off value based on the patients' rating. Por example, in the study by Hermans en et al., a 
good outcome was chosen with values corresponding to the minimal clinically important differ-
ence (MCID).5 MCID was developed to characterize the smallest amount of change between the 
pre- and postoperative situation that the patient perceived as meaningful." It does not automat-
ically correspond to a good outcome as rated by the patient. Peolsson and co-workers did not 
define a good outcome, but used a statistica! approach with continuous scales for NDI, VAS arm, 
and VAS neck.4• 1i 
This is the first report that used a clear definition of good outcome or less than good outcome.6 
Several factors were related with a good outcome after logistic regression with stepwise selec-
tion of variables. 
The relation between a less than good outcome and smoking has been described earlier.13·14 The 
negative effect of smoking on pain in various circumstances is wel! known.11 18 Smoking might 
cause up-regulating of the nicotinic acetylcholine receptors throughout the nervous system, 
and thereby, non-selectively antagonizing analgesie effects.19 
Surgery for adjacent-level disease was related to a less than good outcome. Repeated spine 
surgery for other conditions has also been related to worse outcomes.'0 • 21 However, caution is 
warranted while interpreting this factor since the number of cases in this series with ASD is 
small (only 6 patients). 
The interpretation of the predictive value of the angle of the index level is not straightforward. If 
the sagittal angle increased 1 degree, the probability to have a less than good outcome dimin-
ished. It does not automatically mean that each kyphotic spine did not have a good outcome. If 
the angles were determined within each treatment group, most of the patients with a subop-
timal outcome have a positive postoperative angle at the index level. It seemed that especially 
patients within the ACD group contributed to the negative mean value of the total sample of 
the patients. This was particularly due to the magnitude of the value of the postoperative sag-
ittal angle in a few patients. Although the mean angle in the group of patients with less than 
good outcome was negative (-0.3), it can be questioned whether the angle should be defined as 
clinically kyphotic. 
The relation between outcome and the level of surgery is very remarka ble. Patients who were 
operated on because of pathology at c5c6 had an OR > 4 for having a suboptimal outcome. 
We cannot define any biologically plausible explanation for this finding. Level of surgery was 
introduced in the model as a known baseline characteristic, and surprisingly it was a factor of 
importance. We did not find any similar clinical findings in literature perhaps because previous-
ly this was not considered relevant and, therefore, not investigated. However, in asymptomatic 
people, degenerative changes were found most frequently at the c5- 6 level, followed by c6-7.'2 
In an autopsy study, Friedenberg et al. 21 found that the c5-6 level was most frequently involved 
in spine degeneration, followed by c6-7 with the c2-3 level least involved. The Luschka's joints 
were altered markedly in the lower 3 levels, most frequently at the c5- 6 region.' 3 So maybe there 
A .• ', 69 
is a mechanical reason not only for more common degeneration at the c5-6 level, but also fora 
less favorable outcome. 
This study has some biases. Although it was a prospective study, smoking behavior was not 
noted in all patients. Therefore, for the final regression, 83% of the patients could be used. Nev-
ertheless, we feel comfortable that the results will be consistent in larger series. It is very likely 
that Cls will become smaller. Since it is known that re-operation might contribute to less good 
outcomes, we think that in larger series this will become more evident, with Cls moving away 
from 1.o. 
A major strength of this study is the introduction of a cut-off value for N Dl that has been proven 
to relate toa good outcome as rated by the patients.6 This contributed toa clear and easy to un-
derstand interpretation of the results. For counseling a patient and their relatives, it is extremely 
important to manage the expectations properly to achieve an optimal result. Although these 
patient fulfilled the inclusion criteria for a randomized controlled trial, we feel confident that 
these data can be used in clinical practice. However, confirmation of these findings in future 
studies is obligatory. 
Conclusion 
In conclusion, an anterior approach for symptomatic cervical single-level disc degeneration 
might be successful. However, obviously negative predictive factors were smoking and c5c6 as 
the symptomatic level. Less prominent negative predictive factors were re-operation for adja-
cent segment disease and, even toa lesser degree, some loss of lordosis. No difference could be 
esta blished between used anterior techniques or gender. 
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Table 1. Postoperative angles (degrees) within each treatment divided among good or less than 
good outcome of total sample of patients (N = 140). Number of patients per group are represented 
(n}, as wel/ as the mean difference in angle per treatment group and the result of the t-test com-
paring the ang/es within a treatment group 
NDI = Neck Disability Index. 
Outcome 
NDI ffi 7 
NDI _> ~7 -+--
Mean difference 
p value 
n 
ACDA 
Angle 
1.8 ± 5.2 
0.4± 5.6 
1.1_± 1-7_ 
0.4_0_9 
ACDF 
n Angle 
----
28 5.2 ± 4-9 
2.8 ± 7.1 
2-4±1.8 
0.187 
n 
26 
20 
Table 2. Factors inc/uded in logistic model. OR related to /ess than good outcome 
Factor OR 95% CI 
Smoking 4.318 1.703-10.948 
Level of index surgery c5c6 
4.250 1.675-10.781 
compared with c6C7 
Postoperative angle 0.913 0.845-0.987 
Initia! NDI 1.065 1.002-1.133 
Not being operated for 
0.104 0.011-0.977 
adjacent segment disease 
--
--
CI = confidence interval; NDI = Neck Disability Index,- OR= odds ratio. 
, l r c .11 ... m 
ACD 
Angle 
-
14±47 
-3.3 ± 5-9 
1.9 ±1.6 
0.220 
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Chapter 6 
Symptomatic adjacent segment disease after 
anterior cervical discectomy for one-level 
degenerative disc disease. 
Roland Donk, Wim Verhagen, Allard Hosman, André Verbeek, Ronald Bartels, 
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Study design 
A prospective cohort of 142 patients underwent either anterior cervical discectomy alone, ante-
rior cervical discectomy with fusion by cage standalone or anterior cervical discectomy with ar-
throplasty. We then followed up on their condition a mean of 9.1 ± 1.9 years (5.6-12.2 years) later. 
Objective 
We aimed to evaluate the annual rate of clinically symptomatic adjacent segment disease (ASD) 
and to analyze predictive factors. 
Summary of background data 
Until recent, ASD has been predominantly evaluated radiologically. It is not known whether all 
patients had complaints. A frequent cited annual rate of ASD is 2.9%, but a growing number 
of studies report a lower annual rate. Furthermore, maintaining motion to prevent ASD is one 
reason for implanting a cervical disc prosthesis. However, the results of studies contradict one 
another. 
Methods 
Participants took part in a randomized controlled trial that ended prematurely because of the 
publication of evidence that did not justify continuation of the trial. The patients were random-
ly allocated to three groups, each of which received one of the abovementioned treatments. We 
defined symptomatic ASD as signs and symptoms caused by degeneration of an intervertebral 
disc adjacent toa level of previous anterior cervical disc surgery. At the last follow-up we were 
able to ascertain whether clinically symptomatic ASD was present in any of the participants. 
Results 
The overall annual rate of symptomatic ASD was 0.7%. We found no statistically significant cor-
relations between any of the investigated factors and symptomatic ASD except for the surgical 
method used. Symptomatic ASD was seen less often in anterior cervical discectomy solely or 
anterior cervical discectomy with arthroplasty than in anterior cervical discectomy with fusion 
by standalone cage. 
Conclusions 
The annual rate of symptomatic ASD after an anterior cervical discectomy procedure was esti-
mated to be 0.7%. This seems to be related to the procedure, although firm conclusions cannot 
bedrawn. 
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Level of evidence 
2 (prospective cohort) 
Introduction 
The ability to maintain motion and prevent adjacent segment disease (ASD) has frequently 
been used as an argument in favor of cervical arthroplasty and against cervical fusion. In the 
past, ASD was mainly a radiological diagnosis that did not take into account its clinical rele-
vance. Radiographic evidence of degeneration does not automatically lead to clinical signs or 
symptoms 1. Discussions mainly focused on the true annual incidence rate of radiologically 
proven ASD, which varies from 0.9% to 2.9%. With the advent of cervical arthroplasty, there 
was an enormous increase in interest in ASD '. Most previous studies have compared anterior 
cervical discectomy with fusion by plate fixation (ACDF) to anterior cervical discectomy with 
arthroplasty (ACDA). It is still unclear whether ASD is caused by ACDF or is a progression of an 
existing degenerative process. 
Although the radiological diagnosis of ASD may be interesting, only symptomatic ASD is 
relevant to the patient. Since it is very difficult to attribute neck pain that requires pain relief or 
physiotherapy to a particular cervical segment, we define symptomatic ASD as follows: symp-
toms and signs in the arm that warrant intensive pain treatment or surgical treatment due to 
degeneration of the intervertebral disc that is adjacent to the level that has been operated on 
before. In this long-term follow-up study, we investigated the annual incidence of symptomatic 
ASD and looked for factors that are relevant to its occurrence. 
Methods 
The trial was approved by CMO Arnhem-Nijmegen (the regional committee overseeing research 
on human subjects). The study was carried out in accordance with the World Medica! Associa-
tion Declaration of Helsinki i_ 
We designed a single center, randomized controlled trial to compare anterior cervical discecto-
my (ACD) alone to ACDF and ACDA 4. Study participants were patients who presented with arm 
pain that lasted longer than 10 weeks, did not respond to conservative treatment and showed 
single-level disc degeneration and a mobile segment on dynamic lateral cervical X-rays. After 
patients were familiarized with the study and gave their informed consent, they were assigned 
randomly to either the ACD, ACDF or ACDA group. Por the purpose ofthis study, the participants 
were considered as a large prospective cohort. Upright radiographs of the cervical spine were 
made at regular intervals and electronically stored and available using Impax ES (Agfa Web 
1000 5.1, Agfa-Gevaert group, Mortsel, Belgium). 
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We recruited study participants trom October 2003 through April 2010. After the publication of a 
meta-analysis of several RCTs with up to two years follow-up5 showing that a clinical difference 
between ACDF and ACDA did not exist, we decided to end the trial. Because we, as investigators, 
were not convinced anymore of the benefit of one of the treatments compared to the others, 
the scientific knowledge based on which this study was designed had been altered significantly, 
the disc prosthesis was very costly (five times more expensive than cage standalone), and after 
consultation of the ethical board a justification to continue the trial according to good clinical 
practice could not be defined anymore. Although the inclusion was ended it was decided that 
the patients who were included and allocated to a treatment group would be followed til! at 
least 5 years aft er the surgery. For the purpose of the current research question the sample could 
be considered as a cohort. 
The initia! surgical technique was identical for all participants. The intervertebral disc of interest 
was reached through a right-sided anterior approach. Radiologica! confirmation was obtained 
by placement of screw or needle into a verte bral body to avoid perforating any intervertebral 
disc and to prevent iatrogenic disc degeneration. A microscopie discectomy was performed, the 
posterior longitudinal ligament was resected and the uncinate process was reduced on bath 
sides. 
Then the intervention varied depending on the participant's group assignment. Participants 
in the ACD group received no further intervention. Participants in the ACDF group received a 
stand-alone carbon fiber reinforced polymer cage (cervical interbody (I/F) cage, DePuy Spine, 
Johnson and Johnson, Amersfoort, the Netherlands) that was filled with autologous cancellous 
bone. Participants in the ACDA group received the standard discectomy and then the implan-
tation of a disc prosthesis (Bryan disc prosthesis, Sofamor Danek, Kerkrade, the Netherlands) 
following the technique described by the manufacturer. 
All the participants received sirnilar treatment after surgery. None of them were prescribed a 
collar and they were encouraged to be mobile as soon as possible. Participants in the ACD and 
ACDF groups were not allowed to take NSAIDs for three weeks postoperatively to facilitate 
fusion, but those in the ACDA group received a two-week prescription for meloxicam to prevent 
heterotopic ossification at the surgical level. 
At the final follow-up, participants were asked whether they contacted a spine surgeon because 
of new arm pain and whether they underwent additional surgery after the index surgery. 
The details ofthose visits, radiologica! examinations and any extra surgical procedures were 
reviewed. 
Apart frorn baseline characteristics, we collected information about the participants' histo-
ry of spine (except cervical) surgery with a degenerative cause or significant low back pain. 
Significant low back pain was defined as low back pain that persisted for more than six weeks, 
necessitated conservative treatment and was memorable enough to mention when asked for a 
medica! history. 
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Symptomatic ASD is defined as new pain in the arm with or without neck pain that could be 
attributed to abnormalities on the MRI or high-resolution CT at alevel adjacent to the index 
level. The pain should last for more than six weeks and necessitate radiological examinations. 
Treatment is either conservative or surgical. 
From October through December 2015, we contacted participants to ask for information about 
possible surgical treatment of a degenerative disc disease aft er the index surgery. At first this 
was done by sending participants a questionnaire to complete. If they did not respond, we 
sent a reminder. If they still did not respond, an independent secretary telephoned them and 
attempted to complete the questionnaire with the patient. For those patients who still could 
not be contacted, we obtained information about possible surgical procedures by contacting the 
participant's general physician. 
We reviewed all preoperative MR!s and paid attention to the adjacent levels of the index surgery. 
Signs of degeneration were noted. We defined starting degeneration as hypo intensity of the 
intervertebral disc at the adjacent level compared to other levels (except for the index level) at 
the T2 image of the sagittal preoperative MRI. A decrease in the height of the disc level could be 
present. This was all in accordance with recently proposed criteria 6· 7. We addressed the shape 
of the cervical curvature on the preoperative cervical lateral plain X-ray in upright position and 
correlated the preoperative alignment of the cervical spine with the occurrence of symptomatic 
ASD. 
An annual rate for the occurrence of ASD was calculated as follows. The number of patients suf-
fe ring from ASD was divided by the total number of patients of the group of interest. This rate 
was divided by the total follow-up years regarding ASD, which was a summation of the maxi-
ma! follow-up in years for each patient. If a patient suffered from ASD, the moment of the start 
of the treatment for ASD was considered as the end of the follow-up. Otherwise the moment of 
returning the questionnaire was the last follow-up. The final product was multiplied by 100%. 
We tested the occurrence of ASD within the entire cohort of participants with each of the 
abovementioned items as independent variables (univariate analysis). It should be stressed 
that comparison of the varia bles between treatment groups was not done. If more than one 
test revealed P < 0.1, a multivariate analysis was initiated. lf applicable, a search for confounders 
will be performed. Statistical analysis was performed using IBM SPSS Statistics version 22 (IBM, 
New York, USA). Values were represented as mean ± standard deviation (minimum-maximum) 
or, ifnot normally distributed, as median ± standard deviation (minimum-maximum). We also 
performed independent student-t tests or chi-square tests. If P < 0.05, statistical significance was 
assumed. 
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We want to emphasize that no power analysis was done for this study. However, we did perform 
a sample size calculation for the original randomized clinical trial based on a primary clinical 
outcome (i.e., a difference in Neck Disability Index). This calculation cannot be attributed to this 
study. 
Results 
Of the 142 study participants, 45 were assigned to the ACD group, 47 to the ACDF group and 50 to 
the ACDA group. Sex was evenly divided within the cohort was evenly split by sex: it included 71 
men and 71 wamen. The mean age of the total population was 44.3 ± 7.0 years (18.3-59.8 years). 
The ages of male and female patients did not differ (P=o.236). 
Mean follow-up was 9.1 ± 1.9 years (5.6-12.2 years). One patient died during follow-up due to 
causes unrelated to the subject of this study. We were able to retrieve data about any extra 
surgeryfor symptomatic ASD from all the patients (100%). Onlytwo patients could not be con-
tacted directly (one had died and one did not answer the phone); their data were collected from 
their general physicians. 
Eight patients fulfilled the criteria for ASD and underwent surgery fora symptomatic adjacent 
disc disease, of whom five were allocated to the ACDF group and three to the ACD group. None 
of the patients who had been allocated to the ACDA group developed symptomatic ASD. 
In this sample, none of the patients who developed signs and symptoms of ASD refused surgical 
therapy or were treated conservatively. However, three patients were operated on because of 
recurrent signs and symptoms at the same level: one had been allocated to the ACDA group, 
one to the ACD group and the other to the ACDF group. They had recurrent compression due 
to arthritic changes and underwent dors al cervical foraminotomy. None of them developed 
symptomatic ASD. 
The mean follow-up time before surgery for symptomatic ASD or final follow-up if surgery for 
ASD was not performed was 8.7 ± 2.3 years (0.5-12.1 years). The median time from index surgery 
to surgery for symptomatic ASD was 4.1 ± 2.4 years (0.5-7-2 years). The annual rate of clinical 
symptomatic ASD can be calculated as ((8/ 142) / 8.7) x 100%, which equals 0.7% annually. 
A univariate analysis of symptomatic ASD with sex did not reveal statistica! significance 
(P=.467); nor did age at the index surgery (P=.844), sagittal alignment of the cervical spine 
{P=.561), previous history of significant low back pain or spine surgery for degenerative etiology 
(P=.529) or preoperative MRI findings (P=.980). The operative procedure perfonned was statisti-
cally significantly correlated with the occurrence of symptomatic ASD (P=.043). Since we could 
not theoretically define any confounding factors we did not search for it statistically. The annual 
incidence of symptomatic ASD differed by the technique used: o.8% for ACD, 1.2% for ACDF and 
o%for ACDA. 
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Discussion 
This study is unique because of its prospective nature, the very long follow-up time (up to more 
than 12 years), the extremely high follow-up rate at last follow-up, and the comparison of ACDA 
with ACDF with a stand-alone cage and with ACD. Until now, ACDA has always been compared 
to ACDF using plate fixation. 
Very few participants developed signs and/or symptoms due to degeneration of an interverte-
bral disc adjacent to the index level. The annual rate of newly diagnosed symptomatic ASD after 
an anterior discectomy procedure was only o.6%. This finding was similar to that of a retrospec-
tive study in which an annual rate of 0-32% was calculated '. It is also much lower than that in a 
study described by Hilibrand et al. 8, who reported an annual rate of 2.9%; however, the patients 
in that study had higher levels of pre-existing adjacent level degeneration th;:i.n our cohort. They 
even recommended including these levels at the first surgery. 
Since the diagnosis of disc degeneration was made on plain radiographs, the diagnosis of de-
generation should be obvious with current MRI techniques that can show more subtle changes 
that indicate disc degeneration at that level. Since we were interested in newly developed 
degeneration at the level adjacent to the index level, patients with clear preoperative findings at 
the MRI indicating disc degeneration at the adjacent level were not included in the randomized 
controlled trial and the refo re not in this cohort. Furthermore, many patients in the study by Hil-
i brand et al. were lost to follow-up. Calculating the annual rate of ASD in the best-case scenario 
(in which none of the missing patients developed ASD), the rate would be 0-4% annually aft er 
ACDF 2, which is similar to ours. 
We think the overall annual rate in our study was lower than that in the study of Hili brand et al. 
because of our strict inclusion criteria. We excluded patients with initially obvious radiological 
findings of disc protrusion or even hemiation at an adjacent level. Those patients were instead 
offered a two-level surgical procedure, as Hilibrand et al. and others have recommended 8. 
The use of a cage stand-alone for ACDF could also have contributed toa lower rate. Ahn et al. 
9 recently showed that ACDF with a stand-alone cage is less likely to result in ASD than ACDF 
with plate fixation. They hypothesized that the stress of the adjacent segment was immediately 
higher after plate fixation. 
Our results were based on the outcomes of participants who were included in a randomized 
controlled trial that ended before reaching the number of patients that should have been 
included based on an estimated difference in the Neck Disability Index as a primary outcome 
measure. The trial ended prematurely because the results of our meta-analysis did not support 
any advantage of ACDA over ACDF s. Based on a study providing level 1 evidence, we could not 
justify continuing the trial. The cost of the disc prosthesis, which was five times higher than the 
stand-alone cage, also facilitated the decision. 
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Several meta-analyses have demonstrated statistically significant differences in clinical out-
carne measurements in favor of ACDA 10·16• In our opinion, a discussion about interpreting the 
results of these meta-analyses about statistically significant results without mentioning their 
clinical relevance is beyond the scope of this article. However, one of the meta-analyses explicit-
ly concluded that few studies focused on ASD, and the authors recommended more research in 
this direction 1i_ This recommendation was confirmed by the conclusion of another meta-anal-
ysis, which investigated the rate of ASD after ACDF and ACDA in single-level disease and found 
no difference. The authors of that study also recommended better follow-up of the participants 
in future studies 17. 
In our study, the rate of symptomatic ASD depended on the technique. It was highest for ACDF 
and the annual rates for ACDA and ACD were nearly comparable. Although we found a 0-4% dif-
ference in annual rate between ACDF and ACD, we do not think it is relevant (mainly due to the 
sample size). It is tempting to advocate for the use of ACDA or ACD in symptomatic, single-level 
degenerative cervical disc disease. However, we do not fee! confident enough to make such a 
strong recommendation due to the relatively small number of participants who underwent 
each procedure in our total cohort. We do find it remarkable that minor alterations at MRI were 
not correlated with symptomatic ASD. Either those alterations at MRI were not predictive of 
future degeneration or we missed them because we did not perform an MRI optimized to detect 
them. 
Previous studies have found a correlation between cervical degenerative disc disease and 
lumbar degenerative disease 18·'°. However, we were unable to show a significant relationship 
between symptomatic ASD and a history of significant low back pain or lumbar spine surgery 
(17% of the patients in this cohort). It is tempting to conclude that the normal degenerative pro-
cess was not relevant in comparison to the performed surgical procedure but, due to the small 
number of participants with symptomatic ASD, it is not appropriate to draw strong conclusions. 
Our study also had a number of constraints. First, our assumption that alterations at MRI 
indicated the beginning of degeneration could be defined as a flaw. However, these were also 
criteria in proposed classifications for cervical disc degeneration at MRI 6· 7. 
The second constraint is our very strict definition of symptomatic ASD, which did not include 
patients who suffered briefly from radicular pain or neck pain due to ASD. Therefore, the annual 
rate may be toa low because the complaints were self-limiting. 
Third, our inclusion of patients who underwent reoperation at the same level is debatable. It 
might confound the re sult by increasing the chance of developing symptomatic ASD. However, 
the distribution of participants among groups was equal and none of them developed ASD. 
Therefore, we are confident that it did not act as a confounder. 
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Finally, this study cannot be used to advocate a clear preference for one of the methods. The 
inclusion of an appropriate cost analysis is also mandatory. 
In conclusion, the annual rate of symptomatic ASD after an ACD procedure was estimated to 
be 0.7% in this prospective cohort with up to 12 years of follow-up and a 100% adherence rate. A 
relationship exists between the performed procedures (patients who underwent ACDF had the 
highest rate of symptomatic ASD and those who underwent ACDA and ACD had the lowest), 
although the actual differences are very small. 
Table 1: The number of patients, occurrence of ASD, annual rate of ASD and reoperations in rela-
tion to treatment modality 
ACDA2 ACDF3 ACD4 
Number of patients 50 47 45 
Symptomatic ASD' 0 5 3 
Annual rate of ASD 0% 1.2% o.8% 
Reoperation at the same level 1 
' ASD = adjacent segment disease 
'ACDA = anterior cervical discectomy with arthroplasty 
3 ACDF = anterior cervical discectomy with fusion by standalone cage 
4 ACD = anterior cervical discectomy; 
. , 
Total Average 
142 
8 
0.7% 
3 
8 . 
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Objective 
Background: While there is increasing recognition of the importance of cervical spinal sagittal 
balance, there is a lack of consensus as to the optimal method to accurately assess the cervical 
sagittal alignment. Cervical alignment is important for surgical decision-making. Sagittal bal-
ance of the cervical spine is generally assessed using one oftwo methods; namely, measuring 
the angle between C2 and C7, and drawing a line between C2 and C7. Here, the best method to 
assess sagittal alignment of the cervical spine is investigated. 
Methods 
Data from 138 patients enrolled in a prospective study were analyzed. Two investigators inde-
pendently measured the angle between C2 and C7 by Harrison's posterior tangent method, and 
also estimated the shape of the sagittal curve using a modified Toyama method. The mean an-
gles of each quantitative assessment of the sagittal alignment were calculated and the results 
were compared. The inter-rater reliability for bath methods was estimated using Cronbach's 
alpha. 
Results 
For bath methods the inter-rater reliability was high: for the posterior tangent method - 0.907 
and for the Toyama modified technique -0.984. For a lordotic cervical spine, defined by the modi-
fied Toyama method, the mean angle (defined by Harrison's posterior tangent method) was 23-4 
± 9.9 degrees (range: 21.7-25.2), fora kyphotic cervical spine -0.7 ± 10.7 degrees (range: -27 - 27), 
and fora straight cervical spine 10.5 ± 8.2 degrees (range: -11-36). 
Conclusions 
An absolute measurement of the angle between C2 and C7 does not unequivocally define the 
sagittal cervical alignment. As can been seen from the minimum and maximum values even 
a positive angle between C2 and C7 could be present in a kyphotic spine. For this purpose, the 
modified Toyama method (drawing a line from posterior inferior part of the verte bral body of 
C2 to the posterior upper part of the verte bral body of C7 without any measurements) is a better 
tool fora global assessment of cervical sagittal alignment. alignment. 
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Introduction 
Sagittal alignment of the cervical spine is a very important consideration when undertaking 
surgical interventions'. It is one of the critical factors that influence the decision for either an 
anterior or a posterior approach. Furthermore, lordosis is the natura! shape and restoration of 
the lordosis is a goal of most surgeries. Indeed, increasing evidence suggests that neurological 
outcomes, quality oflife and the rate of adjacent segment degeneration are optimized with 
establishment of cervical lordosis'·'. 
Recently, more attention has been paid to global spinal balanceu. Parameters like T-1 slope and 
sagittal verte bral axis has been introduced. These and other parameters are quantified in angles 
and distance (millimeters) 5·7. To optimize and evaluate surgical treatment of cervical pathology 
requires not only a quantification of different parameters a, but also an assessment of the sagit-
tal cervical alignment. 
Although its importance is obvious, little attention has been given to the best way to estimate 
the sagittal shape of the cervical spine. Generally two methods exist: measuring the angle 
between C2 and C7, and drawing a line between C2 and C?8· 9 . Forthe measurement of the angle 
two methods are generally used. One is the Cobb angle method and the other the posterior 
tangent method. Harrison et al compared these two techniques and concluded that while bath 
methods were reliable, the posterior tangent method better defines the changes in angular 
alignment between C2 and C7'0 • However, the concern remains that a given value of the angle 
rneasured by the posterior tangent rnethod does not always describe the shape of the cervical 
spine correctly. A cornparison between a qualitative assessment of the sagittal alignment of the 
cervical spine with the actual angle measured by the posterior tangent method has never been 
performed. A clear definition of the shape of the cervical spine is of interest for clinical use, but 
also for research purposes. In this study, we cornpared, the quantification of the angle between 
C2 and C7 using Harrison's posterior tangent method with a qualitative assessment of the curve 
using the modified Toyama method. 
Methods 
The studywas approved by the ethical board CMO Arnhem-Nijmegen (CMO-nr: 2002/200), and 
has been carried out in accordance with the World Medical Association Declaration of Helsinki. 
Informed consent was obtained trom all patients. The STRO BE (Strengthening the Reporting of 
Observational Studies in Epidemiology) statement has been followed11 • 
The radiographs forma prospective cohort of 138 patients, who participated in a randomized 
controlled trial (Procon)" were used. This trial was registered with the 
Current Controlled Trials database (https:/ /www.isrctn.com), and its registration no. is IS-
RCTN41681847. 
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In this trial several techniques were compared: anterior cervical discectomy without fusion, 
anterior cervical discectomy with cage stand-alone, and anterior cervical discectomy with 
arthroplasty. 
The preoperative upright lateral cervical radiographs and those of the last follow up moment 
were reviewed for this study. Radiographs were digitized and available using Impax ES (Agfa 
Web 1000 5.1, Agfa-Gevaert group, Mortsel, Belgium). 
The curvature of the cervical spine was estimated according to a slight modification of the 
method by Toyama et al 8· 9. A line was drawn from the posterior and inferior part of the verte bral 
body of C2 to the upper posterior part of the verte bral body of C7. A lordotic curve was present if 
the posterior wall of the verte bral bodies of C3 to C6 were anterior of this line. The cervical spine 
was considered straight if the posterior part of the verte bral bodies C3 to C6 was on that line, 
and it was kyphotic if the posterior part of the verte bral bodies were posteriorly projected to this 
line (Figure 1). 
Fig 1. Radiographs showing a modification of the method proposed by Toyama et al. A cervical 
lord os is (A) is represented by the location of the verte bral bodies being anterior to the line drawn 
from C-2 to C-7; a straight spine (B) in which the posterior parts of the verte bral bodies are on that 
line; and a kyphotic spine {C} with the posterior parts of the vertebral bodies projecting posteriorly 
from that line. 
A sigmoid curve was present if the posterior part of the verte bral boclies were not on that line, 
but if a combination existed of posterior border of the verte bral bodies in front of the line and 
some behind that line. 
Two investigators experienced in measuring angles (HA, RB), measured independently the angle 
between C2 and C7, and they also estimated the shape of the curve. The Harrison posterior tan-
gent method was used to calculate the angle between C2 and C7 (Figure 2 and 3)10 •13• 
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Fig 2. Fig 2 Radiograph showing Harrison 's posterior tangent method, in which the angle between 
C-2 and C-7 is estimated by measuring the angle between the posterior bodies of C-2 and C-7- The 
lines re present the posterior bodies of C-2 and C-7- In this case the angle was 48.1' according to the 
Agfa Impax software. 
Fig 3. Lateral up right radiograph of the cervical spine depicting a kyphotic spine measured with 
the modifi.ed Toyama approach, but with a positive angle measured by Harrison's posterior tan-
gent method (15.8°) 
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The mean angle derived from Harrison's method was then calculated for lordotic, straight and 
kyphotic cervical spines (as assessed by the modified Toyama method). 
For statistical analysis IBM SPSS Statistics version 22 (IBM, New York, USA) was used. Values 
were represented as mean ± standard deviation (minimum-maximum). For inter-rater reliability 
Cronbach's alpha was estimated for the measurements at the preoperative lateral radiographs. 
Results 
The mean age of the entire group at surgerywas 44.3 ± 7.0 years (18.3-59.8),and the femaleto male 
ratio 1:1. A total of 276 lateral radiographs of the cervical spine were retrieved and used. The mean 
time between the first radiograph, and radiograph at the last follow up was 25-4 ± 18-4 months. 
Using the modified Toyoma method lordosis was found at 128 radiographs, kyphosis at 27, and a 
straight spine at 121 radiological exams (Table 1). 
Table 1: Va lues of the angle between C2 and C7 as measured by the posterior tangent method in 
relation to categorization of lordotic, straight or kyphotic sagittal alignment of the cervical spine. 
Angle C2-C7 posterior tangent 
method 
Lordosis 
Mean 23.4 
Standard deviation 9.9 
Straight 
10.5 
8.2 
-10.6 Minimum _o_.~4 __________ _ 
Maximum ~ 52-4 ______ ~~---35.9 
Total number of investigations Î 128 121 
Kyphosis 
-2.2 
9.2 
-16.1 
16.9 
27 
A sigmoid curve was not found. Comparing the pre - and postoperative radiographs, none of 
the lordotic or straight cervical spines becarne kyphotic. Half of the kyphotic spines remained 
kyphotic whereas the rernaining was either straight or lordotic. 
Forthe lordosis the mean anglewas 23-4 ± 9.9 degrees (04- 524), for kyphosis -2.2 ± 9.2 degrees 
(-16.1- 16.9), and fora straight cervical spine 10.5 ± 8.2 degrees (-10.6-35.9).An example of a kyphotic 
cervical spine and a positive angle between C2 and C7 is shown in Figure 3. The Cronbach's Alpha 
was 0.907 for the measurernents for the angle C2-C7, and for the rnodified Toyama rnethod 0.984. 
Based on these data, we calculated the sample size needed and also the power based on the 
current sample size according to the rnethod proposed by Bonnet and Wright14. Considering the 
rnodified Toyarna method resulting in one question with three options (lordotic, straight, kyphot-
ic) and assurning an expected intra-rater reliability of at least o.8, a = 0.05, and a power of 80% 
the sample size needed would be 21. Of note, the power of the results in a group of 276 is 100%. 
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Discussion 
This study clearly disclosed the discrepancy between the absolute values of the angle between 
C2 and C7 and the qualification of the cervical sagittal alignment expressed as lordotic, straight, 
or kyphotic. The modified Toyama method has been shown to be reliable and easy to assess. 
This is in daily practice and for the individual patient of utmost importance to offer the best 
approach if surgery is needed. 
Recently, global spinal alignment is subject of many investigations. As apart of these investi-
gations attention has been paid to quantify cervical alignment by using parameters as cervical 
sagittal vertical axis (SVA), cervical lordosis, and Tl slope. A correlation has been found between 
these parameters and health-related quality oflife15•16. The effect of surgical correction oftho-
racic or lumbar deformities is wel! known and even predictive models have been developed'7 ' 9• 
In these studies the assessment of the alignment of the cervical spine was never addressed. A 
possible explanation is that in case of deformity surgery one of the goals is to maintain hori-
zontal gaze while having the possibility to flex in the cervicothoracic region to allow walking 
without stumbling while ambulating4B. G.</author><author>Challier, V.</author><author>Hen-
ry, J. K.</author><author>Oren, J. H.</author><author>Spiegel, M. A</author><author> Vira, 
S.</author><author>Tanzi, E. M.</author><author>Liabaud, B.</author><author>Lafage, R.</ 
author> < author> Protopsaltis, T. S. < / author> <author> Errico, T. J. < / author> <author>Schwa b, F. J. < / 
author><author>Lafage, V.</author></authors></contributors><auth-address>"Spine Service, 
Hospita! for Special Surgery, New York, NY, United States daggerSpine Unit 1, Orthopedie Surgery 
Department, Bordeaux University Hospita!, Bordeaux, France double daggerDepartment of 
Orthopaedic Surgery, NYU Langone Medica! Center, New York, NY, United States section sign-
Memorial Sloan Kettering Cancer Center, New York, NY.</auth-address><titles><title>Predicting 
Cervical Alignment Required to Maintain Horizontal Gaze Based on Global Spinal Alignment</ 
title><secondary-title>Spine (Phila Pa 1976. The shape of the cervical spine is in these cases less 
important than the other quantitative measurements. Furthermore, the regional curves have 
a wide variation in undulating while the measurements for global sagittalbalance are main-
tained in narrower range16. 
We fully endorse the importance of global spina! alignment. However, a major shortcoming of 
the quantifications mentioned above is that the actual alignment is not assessed. For example, 
a C2-C7 SVA of 15 millimeters does not automatically mean a kyphotic spine or otherwise. For 
most prevalent diseases like cervical spondylotic myelopathy the sagittal alignment is one of 
the factors that determines the optimal surgical approach. Sagittal alignment is of utmost im-
portance for surgical planning and to guide decision-making as to whether to offer the patient 
an anterior, a posterior, or a combined approach. 
It was clearly shown that the absolute angle between C2 and C7 using a technique that accu-
rately depicts the cervical angle, locally and overall10 did not reflect the alignment of the cervical 
spine. The angle of the verte bral body of C2 and C7 can nearly be zero or even positive indicating 
a straight of even a lordotic spine, whereas the verte bral bodies in between (C3-C6) contributed 
to a true cervical kyphosis. 
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For scientific but also practical purposes a clear and reproducible method for estimation of the 
cervical sagittal alignment is warranted. Toyama described a method drawing a line from the 
posterior inferior part of the verte bral body of C2 to the upper posterior edge of the verte bral 
body of C7. Then distances between the line and the posterior border of the verte bral body 
should be measured, and if a certain distance is (more than 2 mm) reached a lordotic, kyphotic 
or sigmoid curve is present9. Measuring these distances is prone to error and is not very conven-
ient even in the time of digitization. 
Benzel described also a method in which a line was drawn between the posterior inferior part 
of the verte bral body of C2 to the lower posterior edge of the verte bral body of C7'0 • This can be 
troublesome since C7 is very often not completely shown at a lateral X Ray. We modified the 
method by Toyama by using the same line without the measurements8. If the posterior wall of 
the verte bral bodies C3 through C6 were in front of that line cervical lordosis existed, were they 
on that line it was a straight spine and were they behind it we called it kyphosis. 
Another method is estimating the angle in the sagittal plane between C2 and C7. Compared to 
the Cobb method the posterior tangent method was more accurate10• It is a general beliefthat a 
positive angle corresponds with a lordotic curve. The results of this study counter this belief. 
This can be explained by the fact that the measurement between the C2 and C7 is reflecting the 
angle between these two verte bral bodies. The position of these bodies is more or less inde-
pendent of that of the intermediate verte bral bodies. For example the posterior walls of C3 to C7 
can be exactly co-linear, but if C2 is angulated posteriorly the angle between C2 and C7 can be 
very positive whereas the line drawn by the modified Toyama method projects exactly over the 
posterior wall of the intermediate verte bral bodies. In this way, a positive angle in the posterior 
tangent method is combined with a straight cervical spine. This holds also true for a kyphotic 
position of the verte bral bodies of C3, C4, C5 and C6 with compensation at C2c3 and c6q Locally 
at C2C3 and C6C7 will be very positive, but between C2 and C7 these can still be positive suggest-
ing lordosis whereas using the modified Toyama method an overall kyphotic curve is present. In 
other words, the posterior tangent method derives all its information locally at the end points 
and infers a conclusion about the entire cervical region while the modified Toyama is obtains 
information from each segment. 
Considering the high inter-rater reliability, the posterior tangent method as well as the modified 
Toyama method was very useful. However, the description of the curvature of the cervical spine 
is more reliable represented by the modified Toyama method. With the posterior tangent meth-
od the curvature between C2 and C7 was neither accurately described, e.g. in a kyphotic curve 
assessed by the modified Toyama method still a positive angle could be measured between C2 
andC7-
This has practical implications. In each patient this convenient and reproducible method will 
facilitate the decision whether to perform surgery anteriorly or posteriorly. Also in research 
the description of the curve through this method is more reliable than the absolute value of 
the angle. Since this method only assesses the shape of the cervical spine without quantifica-
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tion, future investigations will be necessary that will facilitate its introduction in global spinal 
alignment measures. The combination of an assessment of the alignment of the cervical spine 
with a quantitative measure would be of great benefit for the comparison of various surgical 
approaches, for outcome research and foe educational purposes. A suggestion could be introduc-
ing it as a modifier in combination with the C2-C7 SVA. 
It could be argued that the results of this studied were biased since the patients participated to 
a study. This might introduce selection bias. For example, the population was relatively young 
although the mean age resembled that of patients suffering from symptomatic cervical degen-
erative disc disease. Since the cervical alignment was not an inclusion or exclusion criterion, 
the relatively few kyphotic patients in this series (9.7%) might raise some discussion. However, 
this number also represented the normal prevalence". The strength of the study will not be 
influenced by the unevenly distributed sample size, since the sample size was much larger than 
needed. Furthermore, the investigated methods can be used in any patient with any cervical 
curve. The high intra-rater reliability, also in distinguishing the kyphotic and straight shape and 
the post hoc power analysis of 100%, provide alevel of confidence in our conclusions. 
Although the method is really simple to assess and has a high intra-rater reliability, we ac-
knowledge that widespread application will reduce the intra-rater reliability. 
Conclusions 
For practical purposes the modified Toyama method by drawing a line from posterior inferior 
part of the verte bral body of C2 to the posterior upper part of the verte bral body of C7 without 
any measurements is accurate, straightforward, and reliable to qualifythe sagittal alignment 
of the cervical spine. This technique can be readily and easily incorporated into preoperative 
surgical planning. 
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Abstract 
Background 
The effect on cervical sagittal alignment of anterior cervical discectomy without fusion (ACD}, 
ACD with fusion by cage stand-alone {ACDF} or with arthroplasty (ACDA} is not known, and is 
subject ofthis study. 
Methods 
142 adult patients with single level cervical disc disease were at random allocated to different 
procedures: ACD (45), ACDF (47) and ACDA (50). Upright cervical spine radiographs were ob-
tained. Angles of the involved angle and the angle between C2 and C7 were determined. 
Result 
After a mean follow-up of 25-4 ± 18.4 months, the angles of the involved level comparing ACD 
with ACDA and ACD with ACDF were different, reaching statistical significance. However, the 
angle between C2 and C7 did not differ between groups, nor between preoperative values and at 
follow-up. 
Conclusions 
Irrespective of the technique used for anterior cervical discectomy for single level degenerative 
disc disease, the alignment of the cervical spine is unaltered. 
Introduction 
Global sagittal balance of the spine is currently a main focus of research. Several studies have 
been published, stressing the importance of correct sagittal balance in relation to the quality of 
life1·3. As a consequence, the attention for cervical alignment is also increasing. Measurements 
such as the T1 slope and C2-C7 sagittal vertical axis (SVA} have been introduced. A good correla-
tion between these measurements on full spine radiographs and the "classica!" measurements 
on sagittal cervical radiographs have been established4• 
Anterior cervical approaches for degenerative disc disease are very familiar to spine surgeons, 
and might affect the cervical sagittal alignment. The first descriptions of anterior cervical 
discectomy without fusion (ACD) and ACD with fusion (ACDF} have been reported nearly at the 
same time by HirschS, and Cloward6, respectively. Local kyphosis had already been mentioned by 
Hirsch in his original article, as had fusion of the involved level 5. Cloward stated that prevention 
of osteophytic spur formation could be prevented by fusion 6. Kyphosis as wel! as prevention 
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of spur formation might be the reason that ACDF became more popular, and is considered the 
golden standard. 
Although proper investigations about the clinical superiority of ACDF have never been per-
formed, ACD has almost been abandoned in clinical practice. This is remarkable, since ACD 
provides a similar adequate decompression without the need for any implant7- 8• 
Cervical sagittal balance has been investigated in patients after ACDA and ACDF9·12• However, 
the effect of ACDF with stand-alone cage or ACD on cervical sagittal balance has never been 
evaluated, nor compared with ACDA. This study fills this scientific gap in literature. 
Methods 
The Ethics Committee CMO Arnhem-Nijmegen approved the trial (CMO-nr, 2002/200). The 
study was carried out in accordance with the World Medical Association Declaration of Helsin-
ki'l. A single-center, randomized controlled trial was designed comparing ACD, ACDF and ACDA'4. 
From October 2003 till April 2010, patients were included in the study after having signed 
informed consents. However, inclusion was prematurely ended after publication of a meta-anal-
ysis comparing ACDF and ACDA15, since we could not justify continuing the trial according to 
standards of Good Clinical Practice. 
Patients with (1) arm pain, not responding to conservative treatment and (2) that lasted longer 
than 10 weeks, with (3) single level disc degeneration and (4) a mobile spine on dynamic lateral 
cervical X-rays were included in the (PROCON)-trial. After informed consent, they were allocat-
ed to ACD, ACDF or ACDA. For randomization, a closed envelope method was used. A medical 
secretary unaware of the purpose of the study disclosed the decision. Because of radiological 
follow-up, neither patients nor investigators were blinded. However, the surgeons and investi-
gators did not have any preference for any surgical method. Clinical and radiological follow-up 
was initially scheduled at regular intervals: 1 day postoperatively, 6 weeks, 3 months, 1 year and 
2 years postoperatively. During the trial, the follow-up protocol was altered in consultation with 
the ethics committee, and after requests of several patients, who asked whether outpatient 
clinical visits were necessary. They preferred completing the questionnaires at home. The pro-
tocol was changed, and patients were asked to visit the outpatient clinic preferentially till 1 year 
postoperatively. Afterwards it was voluntary. If they decided to complete the questionnaires at 
home, they were sent to them by flat mail. 
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Upright cervical spine radiographs were made. Radiographs were digitized and available using 
Impax ES (Agfa Web 1000 5.1, Agfa-Gevaert group, Mortsel, Belgium). The Harrison posterior 
tangent method was used as an estimate for measuring cervical alignment'· 16. A positive angle 
resembled lordosis, whereas a negative one defined kyphosis. The curvature was also estimated 
using a slight modification of the method by Toyama et al '7• A line was drawn from the posterior 
and inferior part of the verte bral body of C2 to the upper posterior part of the verte bral body of 
C7'8•19 . The curvature was defined as lordotic if the posterior wall of the verte bral bodies of C3 to 
C6 were anterior of this line. The cervical spine was considered straight if the posterior part of 
the verte bral bodies C3 to C6 were on that line, and kyphotic if the posterior parts of the verte-
bral bodies were posterior to this line. 
Two investigators, experienced in measuring spine angles (HA, RB), independently measured 
the angle of the involved levels as well as the angle between C2 and C7, both preoperatively and 
at postoperative follow-up (FU) times. They also estimated the curvature of the whole cervi-
cal spine. For statistical analyses, SAS version 9.2(SAS Institute Ine. Cary NC, USA) was used. 
Inter-rater reliability was assessed by calculating Cronbach's alpha for the measurements at the 
involved level and for the C2-C7 angle. For comparison of baseline characteristics, ANOVA or chi 
square tests were used. Data were represented as mean ± standard deviation (minimum-max-
imum). When appropriate, 95% confidence intervals were provided. Statistica! significance was 
assumed if P <0.05. 
Results 
Of the 142 patients who were included in the study, 45 were allocated to ACD, 47 to ACDF and 
50 to ACDA. The mean age of the entire group was 44.3 ± 7.0 years (18.3-59.8), and the female-
to-male ratio 1:1. Baseline characteristics regarding age or gender did not statistically differ (P= 
0.287 respectively P= 0.853). The baseline characteristics for the groups are presented in Table 1. 
Mean radiological follow-up was 25.4 ± 18-4 months, whereas mean clinical follow-up was 9.1 ± 
1.9 years (5.6 -12.2). The flowchart according to Consort is represented in Figure 1. 
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Figme 1: Flow chart of included patient according to Consort 2010 
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Actual radiological follow up differed from the follow-up protocol. This variation was due to 
availability of the preferences of physicians and patients, 
Among the three groups, there was no statistically significant difference in follow-up 
(P = 0.18). Moreover, no preoperative statistically significant differences could be detected 
among treatment groups in either the mean angle of the involved (affected) level and mean 
global sagittal (C2-C7) alignment (Table 1). 
Table 1: Distribution of mean age, gender {percentage of column), angles and total number of 
patients related to procedure 
ACDA ACDF ACD 
Male 24(48 %) 25 (53,2 %) 22 (48.9 %) 
Female 26 (52 %) 22 (46,8 %) 23 (51.1 %) 
Age?? 53-6 ± 6.9 52.2 ± 8.1 54.0 ± 6.1 
Angle involved level 2.3±4.6 3,2±5.3 1.7±5.6 
Angle C2-C7 14.8±13-6 12.8±12-4 16.2±12.6 
LevelC4C5 0 2 1 
LevelC5C6 21 19 26 
LevelC6C7 29 26 18 
Total Number 50 47 45 
The Cronbach's alpha was 0.837 for measurements of the involved level and 0.907 for the meas-
urements for the C2-C7 angle, indicating a high inter-rater reliability. The mean values for the 
follow-up angles of the involved level and C2-C7 are presented in Table 2 and Table 3. 
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Table 2: Angle in degrees at the involved level (mean ± SD) at the different follow-up (FU) times. 
Number of calculations (N) was a/so represented. 
Time 
postoperatively 
(mean ± std dev) 
(weeks) N ACDA ACDF ACD P-value 
Preoperative N/A 138 2.3±4.6 3-2±5.3 1.7±5.6 .393 
Directly 
12ostoperative N/A 110 2.2±6.1 8.4±5.2 -1_. 1±2.8 .000 
FU2 9.3 ± 8.6 140 1.4±5.5 4.7±6.1 -2.4±5.5 .000 
FU3 47.0±35-2 131 1-4±5.5 4.7±6.1 -2-4±5.5 .000 
FU4 134,4±75.6 83 0.3±6.1 3.6±6.9 -2.9±4.1 .001 
FU5 147.8 ±57.3 27 1.8±5.4 3.7±4.3 -3-6_4.2 .039 
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Table 3: angle in degrees at the involved level (mean ± std dev) at the different follow up (FU} mo-
ments. Number of calculations (N) was also represented. 
Time 
postoperatively 
(mean ± std dev) 
(weeks) N ACDA ACDF ACD P-value 
Preoperative N/A 135 14.8±13.6 12.8±12-4 16.2±12.6 0.459 
Directly 
:eosto:eerative N/A 140 12.8±10.7 13.3±11.4 9.8±10.4 0.260 
FU2 9.3 ± 8.6 139 15.0±11.6 16.8±10.3 13-0±10.5 0.265 
FU3 47.0 ± 35.2 128 14.0±12.7 16.6±12.8 16.5±11.0 0.524 
FU4 134,4±75.6 83 14.0±12.9 18.3±13.1 17-1±11.1 0-386 
FU5 147.8 ±57.3 26 14.9±11.5 16.2±13.5 17.3±6-4 0.919 
The overall mean angles were 2-4 ± 5.2 degrees and 14.5 ± 12.9 degrees. One day postoperatively, a 
clear difference was observed in the angle of the involved level compared with the preoperative 
one. At the following follow-up times, a gradual decline to the baseline preoperative value was 
seen in all groups. In the ACD group, this was less prominent. 
Figure 2: Graphs depicting the preoperative measurements of the sagittal angles at the surgical 
level and the values at the different follow-up times 
Figure 2 clearly depicts that directly postoperative (FU1: day 1 postoperatively) a statistically sig-
nificant transformation is found at the involved level in patients who underwent ACD and ACDF. 
This was not the case for ACDA. In the ACD group, amore negative angle was found directly 
postoperative, indicating the introduction of local kyphosis. However, after FU2 (9.3 ± 8.6 weeks 
postoperatively) changes of the angle at the involved levels did not occur anymore. Therefore, 
the angle measured at FU2 seemed to represent the final situation. Between FU2 and FU5 (147.8 
± 57.3 weeks postoperatively) the difference did not re ach statistica! significance for any of the 
groups. Since only 28 patients were evaluated after FU5 for reasons explained in the discussion, 
the 95% confidence intervals were very wide. Therefore, we compared the difference with the 
measurements at FU4 (134.4 ± 75.6 weeks postoperatively). The differences between FU2 and FU4 
were also not statistically significant (except for the angle at the involved level for ACDA). The 
mean differences within each group at the successive follow-up times could be considered as 
measurement error (Table 4). 
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Table 4: Differences in angles in degrees at the involved level (mean (95% Cl}) for the different 
follow up (FU) times (PRE OP: preoperative; POSTOP: 1 day postoperatively 
ACDA ACDF 
POSTOP-PREOP 0.1 (-1.7; 2.0) 5.2 (3.8 ; 6.6) 
FU2-POSTOP -1.2 (-2.2; -0.2) -3-3 (-47; -1.8) 
FU3-FU2 0.2 (-0.9; 1.2) -0.2 (-14; 1.0) 
FU4-FU3 -1.5 (-2.5; -0.5) -0.7 (-1.8; 0.5) 
FU5-FU4 o.6 (-1.0; 2.2) -07 (-2.5; 1.1) 
FU4-PREOP -2.2 (-4.2; -0.2) 1.2 (-0.7; 3,2) 
The same observation was made for the C2-C7 angle (Table 5). 
ACD 
-5.2 (-7.3; -3.1) 
o.g (-0.3; 2.1) 
o.8 (-1.2; 2.8) 
---
-0.4 (-16; o.8) 
-0.0 (-2.0; 2.0) 
-4.1 (-64; -1.8) 
Table 5: differences in angles in degrees between C2 and C7 (mean ± std dev) for the different fol-
low up (FU) moments (PREOP: preoperative; POSTOP: 1 day postoperatively) 
ACDA ACDF ACD 
POSTOP-PREOP -1.4 (-4.8; 2.1) -0.1 (-3.1 ; 3.0) -6.o (-9.9; -2.1) 
FU2-POSTOP 2.2 (-0.7 ; 5.1) 3-8 (0.9; 6.6) 3.0 (-04 ; 6.3) 
FU3-FU2 -o.6 (-3-3; 2.1) 0.2 (-2.0; 2.4) 34 (0.1; 6.5) 
FU4-FU3 -1.3 (-4.5; 1.9) 14 (-2.6; 5.5) -04 (-4.7; 3-9) 
FU5-FU4 2.8 (-2.7; 8.3) -4.1 (-10.8; 2.5) -3.1 (-9.6 ; 34) 
FU4-PREOP -0.9 (-4.4; 2.5) 7 3 (3.7; 10.9) 1.0 (-4.0; 5.9) 
Between the treatment groups, differences existed when comparing the loc al angle of the 
involved level. This can clearly be seen in figure 2. 
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Figure 2: Graphs depicting the preoperative measurements of the sagittal angles at the surgical 
level and the values at the different follow-up times 
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The mean values for ACDA were 1-4 ± 5.5 degrees for ACDF 4.7 ± 6.1 and for ACD -2.4 ± 5.5 
(P < 0 .0001) at FU3 (N=131). For the C2-C7 angle statistical significance was not reached when 
comparing the groups (P= 0.305) as depicted in figure 3. 
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Figure 3: Graphs showing the preoperative measurements of the sagittal angles at C2-C7 and 
the values at the different follow-up times. 
24 ,;:::==========;--------------------, 
22 
20 
18 
16 
12 
10 
Procedure _______., ACDA 
•·· ··•·· ··• ACDF 
--• ACD 
······· 
-~·--
. 
8 -.---------~--~----~--~--~-~--~-----
Preoperative FU l PU2 FU3 FU 4 FU5 
The shape of the cervical spinal curve did not change in m patients during follow-up. In 31 pa-
tients the shape did alter (Table 6), but none of them became kyphotic. 
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Table 6: The pre- and postoperative sagittal curve of the cervical spine defined as lordotic, straight 
and kyphotic 
Postoperative shape 
Kyphosis Straight lordosis 
ProcedUie Preoperative shape 
ACDA Kyphotic 4 6 
Straight 0 15 '!. 
Lordotic 0 23 0 
Unkown 0 2 0 
ACDF Kyphotic 3 1 2 
Straight 0 12 7 
Lordotic 0 1 17 
ACD Kyphotic 4 1 0 
Straight 0 21 5 
Lordotic 0 12 0 
Unknown 0 1 0 
The ultimate shape of the curvature was not dependent upon the used technique, but (statist i-
cally significant) upon the preoperative shape (P<o.001). 
Discussion 
Most radiologica! studies in relation to arthroplasty focus on ROM and movement of the 
adjacent levels in comparison to ACDF with plate fixation. A few studies described the sagittal 
cervical balance after arthroplasty in comparison ACDF with plate fixation"·' 0 · ' '. Retrospective 
cohorts have also been published 9·"•'3. A recent systematic review showed that after ACDA the 
alignment of the cervical spine tended to become kyphotic'4, which concurred with our results. 
This is the first study that evaluated the effect of ACD, ACDF with a stand-alone cage and ACDA 
on cervical sagittal alignment at both the involved (affected) level and the cervical spine (C2-C7). 
While ACD is a well-known procedure, it has received little attention in the last ten years. The re-
search focused on comparing ACDF with plate fixation with ACDA. This study is unique because 
of its prospective nature and the comparison of ACDA with ACDF with a stand-alone and with 
ACD. 
Two remarkable findings ofthis study should be mentioned. First, though the angle at the in-
volved level became more lordotic after ACDF and more kyphotic after ACD, it tended to normal-
ize to its farmer preoperative value at approximately 9-week's evaluation for ACDF. For ACD the 
change was only minimal (one degree) and remained locally kyphotic. Moreover, after nearly 1 
year, no differences between the three procedures could be detected. Second, global cervical lor-
dosis was not affected by the three different techniques. These findings can be explained by the 
natura! mechanism of the human body to maintain the head in neutra! axis in the horizon tal 
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plane optimal for the visiovestibular system and restore sagittal balance. To maintain the global 
sagittal balance, it seems logical that after a relatively small disturbance at the involved level, 
it will be locally resolved and affect the whole spine. It should be emphasized that the current 
investigation has only focused on radiological cervical sagittal balance and the effect of time on 
both the involved (affected) levels and the global cervical spinal curvature. However, Carreon et 
al. showed a good correlation of the measurements on the lateral full spine radiographs com-
pared to the dedicated lateral cervical radiographs4• 
Statements about clinical performance or quality of life after the different procedures cannot be 
made from these results. However, our study clearly shows that the way of performing an ante-
rior cervical discectomy is not affecting cervical lordosis in time. Therefore, one might assume 
that any eventual difference in clinical result should not be attributed to sagittal alignment. 
Considering the goal of our study, the lack of correlation with clinical outcome is not a weakness 
of the study but a strength, since the focus on the sagittal balance contributed toa clear inter-
pretation of the results and discussion. 
The chosen procedure only seemed to affect the angle of the involved segment to a minor 
aspect. Therefore, the argument of re storing lordosis by increasing it at one involved level 
for one-level degenerative disease is at least debatable. A limitation of our study is the loss of 
patients for radiologica! follow-up resulting in larger standard deviations. However, we fee! 
confident that the findings represent the actual situation since the angle at the surgical level did 
not change significantly after the second follow-up time and the sagittal angle of C2-C7 at the 
last follow-up was similar to the preoperative one. 
Furthermore, while the study was ongoing, more patients questioned why they should visit the 
hospita! since they could report their outcome measurements at home. Many of them found 
the radiographic control exams irrelevant unless symptoms occurred. Therefore, we adapted the 
protocol. In the literature arguments were found to support this alteration ' 5. Furthermore, the 
primary outcome measure of the trial was clinical outcome. To optimize the participation of the 
patients, we were willing to facilitate their cooperation. 
Not including the C2-C7 SVA, T1 slope or other measurements in our study might be debated. 
However, since a good correlation was estimated with Cobb angles4·'6, and we were interested 
also in the angle of the involved angle, we decided to measure the C2-C7 angle. Furthermore, 
attention was given to changes within groups of patients. Due to the kind of procedure, we did 
not assume that a clinically significant translation within the cervical spine would occur since 
posterior elements remained untouched and the disruption of the anterior part was minimal. 
Otherwise, measurement of the C2-C7 SVA would be more appropriate'7·'8. 
Our study shows that the most important changes to cervical alignment took place 1 day after 
the surgery and in the immediate weeks thereafter. From FU2 (approximately g weeks), changes 
did not occur anymore in local angle or in the global cervical sagittal alignment. The major 
strength of the study is the design, facilitating the formation of three groups, with comparable 
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radiological baseline characteristics. This made the study unique. The high inter-ra ter reliability 
also contributed to the strength of this study. 
In conclusion, at longer follow-up sagittal cervical alignment was not affected by the proce-
dure for cervical anterior discectomy. Despite the initial increase or decrease of lordosis at the 
involved level, the tendency developed to re store local cervical alignment to the preoperative 
situation. This could be interpreted as a natural inborn mechanism to re store a longstanding sit-
uation to which the body has been accustomed. Restoring local cervical lordosis as an argument 
to promote a certain procedure for a single level cervical degenerative disc disease is at least 
debatable. 
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This thesis is a contribution to a long-standing discussion of various methods of anterior cervical 
discectomy. Since its introduction forthe purposes oftreating degenerative disc disease in the late 
1950s, adaptations of the anterior cervical discectomy with fusion (ACDF) have been further devel-
oped. In this study, three methods for anterior cervical discectomy for treating single-level degener-
ative disk disease causing cervical radiculopathy were compared. 
After a brief historical overview in Chapter 1, the questions that form the basis of this thesis were 
posed. For reasons that are not known, ACDF is considered the gold standard treatment, and has 
been clinically proven a reasonable option and adopted by many spine surgeons. Anterior Cervical 
Discectomy (ACD) without fusion, however, is still considered a viable alternative for single level 
cervical degenerative disease. Many alternatives, such as cages, have been developed for the auto-
graft harvested trom the iliac crest. The possible disadvantages of fusion include the accelerated 
degeneration of the disc of the adjacent segment: adjacent segment disease {ASD). In the late 1990s 
this led to the development and clinical implementation of a new implant- the disc prosthesis or 
arthroplasty {ACDA). At that time there was confusion over the best surgical treatment for single 
level degenerative disc disease by anterior approach: ACD, ACDF or ACDA. 
In Chapter 2 we attempt to rate clinical relevance while also discussing the results of a meta-analy-
sis. We analyzed meta-analyses, comparing ACDF and ACDA. Whereas most of them reported statis-
tically significant differences, none of them addressed clinical relevance appropriately. We used 
minimal clinically important difference (MCID) as a measure. If the study met MCID, the difference 
would also be clinically relevant. Since none of the studies disclosed any difference as defined by 
MCID, it was concluded that these differences, although statistically different, were not clinically 
relevant. Because this study addressed meta-analyses regarding ACDF and ACDA, we felt the aims 
of our study were supported. 
The definition of a good clinical result is addressed in Chapter 3, in which the Neck Disability Index 
(NDI) was used. In individualized medicine it is mandatory that patients be able to interpret data 
in order to choose a treatment. ''A change of NDI" or "an absolute NDI" is generally meaningless to 
a patient. Therefore, a correlation between the qualification of the clinical situation as rated by the 
patient and the NDI score was evaluated. The Neck Disability Index (NDI) is a patient self-assess-
ment outcome measurement tool designed to assess disability and is frequently used to evalu-
ate the effe cts of the treatment of neck-related pro blems. We correlated the qualification of the 
situation by patients themselves and NDI. An NDI ffi. 7 corresponded to a good outcome according 
to patients. 
The clinical results of the first randomized controlled trial comparing ACD, ACDF and ACDA are 
presented in Chapter 4. Due to the results of a meta-analysis we published, we concluded the trial 
prematurely. Also, due to the small sample size, statements should be considered inconclusive. 
However, any difference in clinical outcome was not shown. 
In Chapter 5 we evaluate factors that could possibly be predictive of a good outcome following 
an ACD procedure as defined in chapter 3. For patients it is very important to be aware of factors 
that influence treatment outcomes. To counsel patients properly before an operation, providing 
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information about factors that can contribute to the outcome is important. Predictive factors were 
deterrnined using NDI, a patient-reported outcome measurement tool. An NDI score ffi 7 was 
considered a good outcome. Obviously negative predictive factors included smoking and c5c6 as the 
symptomatic level. Less prominent negative predictive factors were re-operation for adjacent seg-
ment disease and, to an even lesser degree, some loss oflordosis. No difference could be established 
between gender and the anteriortechniques employed. 
Adjacent segment disease (ASD) is the subject of inquiry in Chapter 6. We defined symptomatic 
ASD as signs and symptoms caused by degeneration of an intervertebral disc adjacent toa level 
of previous anterior cervical ilisc surgery. ASD has been predorninantly evaluated railiologically. A 
frequently cited annual rate of ASD is 2.9%. However radiographic evidence of degeneration does 
not automatically lead to clinical signs or symptoms. In our cohort of 142 patients, we calculated 
an overall annual rate of symptomatic ASD after ACD of 0.7%. We think the overall annual rate 
in our study was lower because of our strict preoperative inclusion criteria. We excluded patients 
with initially obvious radiological findings of disc protrusion or even herniation at an adjacent 
level. We found no statistically significant correlations between any of the investigated factors and 
symptomatic ASD except for the surgical method employed. Symptomatic ASD was seen less aften 
in anterior cervical discectomy solely or anterior cervical discectomy with arthroplasty than in 
anterior cervical discectomy with stand-alone cage. Whether disk prosthesis should be advised so 
as to prevent adjacent segment disease cannot be concluded based on the results in this study due 
to the sample size. 
An assessment of a method to reliably estimate the sagittal alignment of the cervical spine is 
presented in Chapter 7. A lordosis is the natural shape of the cervical spine and restoration of the 
lordosis is a goal of most surgeries. The influence of surgery on the sagittal angle of the level of 
interest but also the angle from C2 to C7 as a measure of global sagittal alignment is currently 
a subject of de bate. In order to develop a reliable method of assessing sagittal alignment of the 
cervical spine, we reviewed our cervical radiographs that were obtained accoriling to the protocol of 
the RCT. The Toyama method was modified by drawing a line from the posterior inferior part of the 
vertebral body of C2 to the posterior upper part of the verte bral body of C7 without any measure-
ments. It proved to be accurate, straightforward, and reliable in qualifying the sagittal alignment of 
the cervical spine. This technique can be readily and easily incorporated into preoperative surgical 
planning. 
Aspects of cervical sagittal alignment after different anterior iliscectomy procedures for single level 
cervical degenerative disc disease were discussed in Chapter 8. Although the angle at the involved 
level became more lordotic after ACDF and more kyphotic after ACD, it tended to normalize to its 
forrner preoperative value at approximatelyweek nine of evaluation. For ACD the change was min-
imal and remained locally kyphotic. At Jonger follow-up global cervical lordosis was not affected by 
the procedure forthe cervical anterior discectomy. Irrespective of the technique used for anterior 
cervical discectomy for single level degenerative disc disease, the alignment of the cervical spine 
remains unaltered. 
tl ' "'r t r.' • • r· 1 1 n n: 11 , ... ,,: 117 
118 
Work on this thesis afforded the opportunity tor further reflections: although we could not defi-
nitely conclude which treatment is superior, we are convinced that uniform advice tor all patients 
is not optimal. Prognostic factors should be defined tor each method. Since at the time of writing 
long term follow-up is available to thousands of patients, it is not opportune to design a new trial. 
A better solution would be to combine available information and assess which patient wil! benefit 
from which procedure. This wil! contribute to furthering patient-tailored health care. 
Furthermore, the human body wil! try to maintain the head in neutra! axis in the horizontal plane 
optimally for the Visio vestibular system and to restore sagittal balance. Restoring local cervical lor-
dosis as an argument for the promotion of a certain procedure for single level cervical degenerative 
disc disease is at minimum debatable. 
Anteri('lr :crvical discectomy tor smgle level d. generalive disease. Same r::ons,dnations 

120 
DANKWOORD 
Dit hoofdstuk zou eigenlijk het grootste moeten zijn, want het is mijns inziens het belangrijkste 
onderdeel van dit proefschrift. Een ieder die meegewerkt heeft aan de totstandkoming van dit 
proefschrift zouden hier vermeld moeten worden. Dat is een onmogelijke taak, maar ik ga het 
toch proberen, wetende dat ik niet volledig kan en zal zijn. 
Jullie zijn allemaal trotse eigenaar van dit proefschrift, het is onze gezamenlijke inspanning 
geweest waar ik mijn naam boven mag zetten .En een inspanning is het geweest en niet alleen 
voor mij, dat realiseer ik me maar al te goed. Zoals reeds vele promovendi voor mij hebben 
geschreven is dit niet alleen een proef van bekwaamheid, maar ook een beproeving. 
Allemaal een heel hartelijke en welgemeende DANKJEWEL. 
Een onderneming waarbij vasthoudendheid op de eerste plaats staat. 
Beste Ronald: Je bent een ware (pro)motor, een diesel, eenmaal opgang niet meer te stoppen. 
Toonbeeld van vasthoudendheid, inspirerende en drijvende kracht, klankbord en stok achter de 
deur! Altijd aanspreekbaar, corrigerend waar nodig maar nooit gebrek aan ideeën en oplossingen. 
Kwaliteit en originaliteit voor jou vanzelfsprekend. Een bezielende (hoog)leraar. 
Liefste Ans, als geen ander weet je om te gaan met mijn stress en dat al jaren. Je creëert de 
noodzakelijke rust en warmte en zorgt voor het juiste perspectief en juiste focus. Heel veel dank 
voor je onvoorwaardelijke steun. 
Lieve Remy en Fabrice, de paranimfen, hoe gaaf is het, met je zoons naast je deze zeer 
bijzondere dag te beleven! Maxine-Carlijn beleeft deze dag in haar eigen wereldje. 
Liefste Els: Bedankt dat ik Ronald mocht "lenen" Je bent met hem al veel gewend, maar naast 
zijn drukke werkzaamheden heb je hem nog meer moeten afstaan tijdens de begeleiding van 
mijn proefschrift. Deze is afgerond maar ik vrees en jij weet het, dat de volgende alweer voor de 
deur staat. De diesel dendert door. 
Beste Wim: Letterlijk en figuurlijk betrokken, vanaf het begin. Je frisse kritische blik, input, 
opmerkingen, aanvullingen, onmisbaar. Een wetenschapper in een drukke perifere praktijk 
Chapeau! 
Beste Allard: Invalshoek verrassend en origineel. Kort en bondig op een punt gebracht. Je 
commentaren verbeterend en aanvullend. 
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